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OPERATORS SAFETY SUMMARY 

The general safety information in this part of the summary is for both operating and 
servicing personnel. Specific warnings and cautions will be found throughout the 
manual where they apply, but may not appear in this summary. 

TERMS 

IN THIS MANUAL 

CAUTION statements identify conditions or practices that could result in damage to 
the equipment or other property, 

WARNING statements identify conditions or practices that could result in personal 
injury or loss of life. 



AS MARKED ON EQUIPMENT 

CAUTION indicates a personal injury hazard not immediately accessible as one 
reads the marking, or a hazard to property including the equipment itself, 

DANGER indicates a personal injury hazard immediately accessible as one reads the 
marking. 



SYMBOLS 

IN THIS MANUAL 

Static-Sensitive Devices. 

A This symbol indicates where applicable cautionary or other information is 
to be found. 



AS MARKED ON EQUIPMENT 

DANGER — High voltage. 

Protective ground (earth) terminal. 
A ATTENTION— refer to manual. 



WARNINGS 

POWER SOURCE 

This product is intended to operate from a power source that will not apply more 
than 250 volts rms between the supply conductors or between either supply 
conductor and ground, A protective ground connection by way of the grounding 
conductor in the power cord is essential for safe operation. 
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USE THE PROPER POWER CORD 

Use only the power cord and connector specified for your product. Use only a power 
cord that is in good condition. 

For detailed information on power cords, refer to Section 1, Introduction. 

Refer cord and connector changes to qualified service personnel. 



GROUNDING THE PRODUCT 

This product is grounded through the grounding conductor of the power cord. To 
avoid electrical shock, plug the power cord into a properly wired receptacle before 
connecting to the product input or output terminals. A protective ground connection 
by way of the grounding conductor in the power cord is essential for safe operation, 

DANGER ARISING FROM LOSS OF GROUND 

Upon loss of the protective-ground connection, all accessible conductive parts 
(including knobs and controls that may appear to be insulatingL can render an 
electric shock. 

USE THE PROPER FUSE 

To avoid fire hazard, use only the fuse specified in the parts list for your product, 
and which is identical in type, voltage rating, and current rating. 

Refer fuse replacement to qualified service personnel. 



DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES 

To avoid explosion, do not operate this product in an atmosphere of explosive gases 
unless it has been specifically certified for such operation, 

DO NOT REMOVE COVERS OR PANELS 

To avoid personal injury, do not remove the product covers or panels. Do not operate 
the product without the covers and panels property installed. 
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MANUAL COLORS 

The colors of biack, blue, brown, and green are used throughout this manual to 
high-light specific features of the manual designed to aid you in understanding the 
operation of your 7854 Oscilloscope. 



In addition to being used for the main body of text black is used on the graticule 
displays of the self-teaching exercises to indicate information which has not 
changed during execution of the associated commands. 

Certain command mnemonics {such as BOTH, AQS, FREQ, etc.) are printed in blue 
as they appear on the instrument keyboard(s). A blue mnemonic indicates that the 
command is invoked as a "shift function" and must be preceded with the / 
command unless issued through the GPIB. Also, blue boxes surround applications 
information given throughout the self-teaching exercises. 

Exercise headings (such as ACQUIRING A SINGLE^SWEEP WAVEFORM) and 
procedure titles (such as USING THE BEAMFINDER) are printed in brown at the 
start of the exercise or procedure. In addition, brown is used for the following 
symbol to indicate places where the 7854 can be turned off without affecting the 
next exercises: 



NEXT EXERCISE BEGINS WITH POWER-UP 



Green is used in the text to indicate nomenclature precisely as it appears on the 
7854 display screen (e.g„ AQR WARNING. BUSY. FRE ERROR. AHCRD. etc.). 
However, green used in the display graticules of the self-teaching exercises reflects 
information either newly displayed or changed as the direct result of executing the 
associated commands. 
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Figure A, Locator for 7854 frool-panel controls, connectors, and ii 
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FRONT- PAN EL DESCRIPTIONS 



Camera Power Connector {not labeled)— Three-pin connector provides 
power for camera operation and receives single-sweep reset signal. 

(?) CALIBRATOR (Switch and Output Connector)— Provides calibrated TkHt 
square-wave voltages. 

POWER (Switch and IndicatOT)— Switch controis power to the instrument: 
indicator illuminates when power is on. 

(^ VERTICAL MODE — Selects plug-in unitfs] for real-time input source of 
vertical deflection. Status in^dicated by illunriEnated button. 

(^ A TRIGGER SOURCE — Selects real-time internal trigger source for A HORIZ 
plug-in unit. 

HORIZONTAL MODE— Selects plug-in unit(s) for real-tiirie input source of 
horizontal deflection. Status indicated by illuminated button. 

(j) VERT TRACE SEPARATION (BJ- Verticallv positions the B HORIZ trace 
with respect to the A HORIZ trace (dual-sweep real-time modes only). 

(?) B TRIGGER SOURCE— Selects real-time internal trigger source for B HORIZ 
plug-in unit. 

(^ Ground (not labeled) — Binding post to establish common ground between 
associated equipment 

@ B INTENSITY — Controls brightness of real-time trace produced by the plug- 
in unit insiailed in the B HORIZ compartment. 

(l^ B Intensity (Indicator) — Illuminates when selected by HORIZONTAL MODE 
switch. 

FOCUS — Controls crt trace definition. 

@ A INTENSITY— Controls brightness of real-time trace produced by the plug- 
in unit installed in the A HORIZ compartment. 

(j^ A Intensity (Indicator) — IHuminates when selected by HORIZONTAL MODE 
switch. 

(i^ BEAMFINDER — When pressed, compresses and defocuses displayed real- 
time waveforms within graticule area. 



7854 Operators 



FRONT-PANEL DESCRIPTIONS (ConiJ 

STORED INTensitv — Controls brightness of the stored waveform display, 

(j^ S Stored Intensity (Indicator! — Illuminates when in STORED or BOTH 
display mode 

READOUT Intensity — Controls brightness of the alphanumeric readout 
display. Disables readout system in counterclockvylse detent position. 

® GRAT ILLUM — Controls illumination of graticule lines. 

CONTRAST— Screwdriver adjustment to control brightness contrast 
between real-time intensified zones and the waveform display. 

@ A STIG— Screwdriver adjustment used in conjunction with FOCUS control to 
obtain a well-defined display. 

@ TRACE ROTATION— Screwdriver adjustment to aiign trace(s) with 
horizontal graticule lines 

Measurement Keyboard {no! labeled] — Controls internal waveform 
processor functions and selects crt display modes. (See Figure B for detaits.) 
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Figure B. Locator fot keys and indicatars on the 7854 front-panel r 
ment keyboard. 
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MEASUREMENT-KEYBOARD DESCRIPTIONS 



(T) WFM PARAMETERS 

NOTE 

The following parameters are computed on the OPW 
foperationaf waveformi between and including the cursors, if 
on. The results are returned to the X register and displayed in 
its field in the STORED or BOTH C/? 7^ DISPLAY modes 

llMAX|l Computes the wa\/eform's most positive value, relative to 

the VZR (vertical zero reference). 

[IVIIIM] Computes the waveform's most negative value, relative to 

the VZR. 




[~MEAN I 

[mId] 



[ENERGY] 

|FREG] 



Ccunputes the waveform's peak-to-peak vaJue (MAX - 
MIN). 

Computes the wavefonn's root- mean -square value. 
Computes the waveform's algebraic mean value 
Computes the waveform's middle value [(MAX + MIN) / 2], 
Computes the area under the waveform. 

Computes the waveform's energy 
Computes the waveform's period 

Shift function of [|PER[[j computes the waveform's 
frequency 



PULSE Parameters 



NOTE 



The following parameters are computed on the OPW as 
defined by the cursor positions. Cursor 1 identifies the pulse 
baseline and Cursor 2 identifies the pulse top. The results are 
returned to the X register and displayed in its field in the 
STORED or BOTH CRT DISPLAY modes. 



IIRISEIf 



Computes the rise time of the waveform's identified pulse 



[ fall! Shift function of (~RISE ) , computes the fall time of the 

waveform's identified pulse. 



(DELAY! 



Computes the delay time of the waveform's identified 
pulse 



(WIDTH 1 



Computes the width of the waveform's identified pulse. 
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MEASUREMENT-KEYBOARD DESCRIPTIONS fCont} 
(T) CURSORS 



NOTE 

JhB c£/rso/-^. when on, are disphyed on the OPW in the 
STORED or BOTH CRT DISPLAY modes as intertsHied points. 



[CRS2-11 Turns on both cursors Displays the coordinates of Cursor 
2 relative to Cursor 1 in line #15 of the display, 

f CRS Y ] Shift function of f CRS2- 1 ) ; turns on Cursor 1 only. 

OisptayB the coordinates of Cursor 1 relative to the start of 
the waveform in line #15 of the display. 

[ CRS 1 <1 Moves Cursor 1, if on, toward the start of the waveform. 



CCRSI^I 
( CRS2<1 
[CRS2>1 

(oED 



Moves Cursor T if on, toward the end of the waveform. 
Moves Cursor 2, if on, toward Cursor 1. 

Moves Cursor 2, if on, toward the end of the waveform. 
Turns off the cursors. 



© 



Selects the shift function of the next key pressed. 



® EXTERNAL 



NOTE 

The following keys, and indicators are used primarity in 
conjunction with the GPIB (Genera! Purpose Interface Bus). 

Asserts a service request from the 7B54 

Displays the 7854 identification messago on the crt. 

REMOTE ONLY (Indioator) — Illuminates when the 7854 is being 
remotely controlled over the GPIB and the keyboard is locked out. 

SRQ (Indicator) — Illuminates when a service request is being asserted by 
the 7854 

I/O (Indicator) — Illuminates when the 7B54 is addressed to talk or listen 
over the GPIB. 

ERROR (Indicator) — Illuminates when an error or warning condition 
occurs. 



@ 
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MEASUREMENT-KEYBOARD DESCRIPTIONS (Cont) 

(?) WFM ACQUISITION 

BUSY (Indicator) — Illuminates when the processor is busy executing a 
command. 



(STOP) 


Prematurely ends execution of GND, AQR, AVG. AVG 10. 
AVG 100, or AVG 1000 coirirnands; aborts all pending 
commands. Stops program execution. 


fGNP) 


Presets ground reference for subsequent waveform 
acquisition. Ground reference is set at the algebraic mean 
vertical position of the real-time trace(s). 


(APR) 


Acquires repetitive real-time waveform(s) with readout; 
stores result in waveform memory. 


(aosI 


Shift function of [AQR) ; acquires single-sweep 
waveform with readout; stores result in waveform 
memory. 


I AVG 1 000 ] 


Averages repetitive real-time waveform 1000 times; stores 
resulting waveform with scale factors in waveform 
memory 


(aVG100 J 


Averages repetitive real-time waveform 100 times; stores 
resulting waveform with scale factors in waveform 
memory, 


1 AVG 10) 


Averages repetitive real-time waveform 10 times; stores 
resulting waveform with scale factors in waveform 
memory. 


(T) CRT DISPLAY 
[SCOPE 1 


Selects real-time waveform and readout display mode. 


[stored! 


Selects stored waveform and character display mode. 


ISOTHj 


Shift function of [STORED) ; selects mixed disolav of 
real-time waveform and stored waveform with character 
display 
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Figure G. Locator for 7854 rear-panel controls, connectors, ar 
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REAR-PANEL DESCRIPTIONS 



(?) Z-AXIS INPUT— Input for external imensity modufation of the real-time crt 

display 

(^ SIGNAL OUT — Output signal derived from vertical signal as selected by A 
TRIGGER SOURCE switch 

+ SAWTOOTH OUT— Sawtooth output signal derived from the A or B time- 
base unit. 

0 + GATE OUT-Output signal derived from either the A Gate, B Gate^ or A 
Oiy'd Gate 

SINGLE SWEEP RESET — Input to reset single^sweep function of A and B 
lime-base units. 

(0 Power Cord Input — Input to allow attachment of power cord. 

0 LINE VOLTAGE SELECTOR— Sets instrument for 11 5- volt or 230-volt 
nominal line operation 

© LINE FUSE— 4 A fast-blowing type. 

© CONTROL ILLUMINATION— Sets illumination level of TRIGGER SOURCE 
switches and lighted push-button switches on associated plug-in units. 

@ EXTERNAL KEYBOARD Connector — Allows connecting an external 
keyboard such as the 7854 Waveform Calculator,, to the mainframe. 

(0 MEMORY BACK-UP POWER Connectors — Two female banana jacks for 
applying 5.5 to 6,5 V DC to provide non-volatile memory. 

@ TTL SIGNAL OUTPUT SWL/SWH— BNC connector to provide TTL- 
compatible signal. Level set by operator with Waveform Calculator keyboard. 

@ AQS ABORT— Pushbutton switch to terminate AQS command. 

® AUDIBLE ERR Oft /WARNING ON-OFF— Switch to enable (ON) or disable 
(OFF) audio tones iniernally generated under error or warning conditions. 

® GPIB Connector — IEEE 488 1978 specified connector to allow connecting 
the instrument to the GPIB. (Not available with Options 0D & ID.) 

® GPIB Address Setectiort- An eight-element, binary-coded switch to select 
GPIB mode and address. 
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Figure O. Locator for Wa\/e^orm Calculator keys and ii 
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WAVEFORM CALCULATOR DESCRIPTIONS 



Q PROGRAM ENTRY 

NOTE 

The foUowing program commands, except LNN^ are not 
progremmabfe and can onty be mvoked by direct execution. 



1 PROG I 


SwFiches the processor and the display to the program Edit 
mode to allow writing a program. This function is invoked 
with alternate actuations of the kev- 


1 next II 


tn the Entry mode: terminates a new program line being 
inserted and advances the edit prompt to the next line, In 
the Edit mode: advances the edit prompt to the next line. 




In the Entry mode: deletes a new program line and returns 
to the Edit mode with the edit prompt at the next tine. In 
the Edit mode deletes the edit line and leaves the edit 
prompt at the same line. 




Shift function of 1 f L L 1 : deletes entire program, Returns 
to the Edit mode il actuated while in the Entry mode. 


( PREV 1 


In the Entry mode: performs an implicit NEXT command, 
then returns prompt to the previous line. 


[ LNN )| 


Shift function of ( PREV ), begins storage of a numeric 
label in the program and must be followed by two digit- 
entry commands for the label. 



Arithmetic Commands 

NOTE 

// the operandfs) for the fodowing functions are constants the 
resud is a constant given in the X register, it however the 
operand is a waveform, the resud is a new waveform returned 
to waveform memory 



1 SORT 1 


Computes the square root of the contents of the X register. 




Computes the natural logarithm of the contents of the X 
register. 


1 EXP 1 


Shift function of ( LN } Computes the exponential 
function, of the contents of the X register. 


t abs 11 


Computes the absolute value of the contents of the X 
register. 
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WAVEFORM CALCUUMOR DESCRIPTIONS (Cont) 



[SGN] 


Shift function of (^BS 1 Computes the signum of the 
contents of the X register. 


Q 


Subtracts the contents of the X register from the contents 
of the Y register. 


0 


Adds the contents of the X register to the contents of the Y 
register. 


0 


MuJtiplies the contents of the Y register by the contents of 
the X register. 


0 


Divides the contents of the Y register by the contents of the 
X register, 


EXTernal 




1 SAVE 1 


Sends one record of the program (from the current 
program fine to the end-of -program line) to the external 
GPIB interface This function is not programmable. 


1 READX 1 


Reads data from the external GPIB interface; constants are 
returned to the X register, waveforms are placed in 
waveform memory. 


[ SENO.V ] 


Shift function of ( REAOX ) , Sends the data from the X 




register, or if the X register contains a waveform memory 
address the data from the specified waveform memory is 
sent, to the external GPIB interface. 


[SWH] 


Sets the level of rear panei TTL SIGNAL OUTPUT to high. 


ISWL] 


Shift function of t SWH ) Sets the level of rear-oar>el TTL 
SIGNAL OUTPUT to low. 



0 STACK Control 

[ ENTER~^ Terminates number entry rnio the X register if in the 
number entry state, otherwise, pushes the stack to enter 
new data. 



I Xoy I Interchanges the contents of the Y and X registers, 

[ ROLL M Shift function of | XOy ] Rolls the contents of the stack 

registers, 






ICLSJ 



Clears the X register by popping the stack, 

Shift function of { CL Jr 1 Clears the slack by setting the 
stack registers to 0. 



(© 
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WAVEFORM CALCULATOR DESCRIPTIONS (Coni) 

(T) WFM PAR AM ATE RS (Duplicated on the measurement keyboard.) 

NOTE 

The faff owing parameters are computed on the operationai 
waveform between and induding the cursors, if on. The 
results are returned to the X register end displayed in its fiefd 
irj the STORED or BOTH CRT Of SPLAY modes. 



[ MAXI 




[ MEAN I 
( MID^I 



I AREA I 
I ENERGY 1 
( PER~1 
[ FREQ ] 



Computes the operational waveform's most positive valuer 
relative to the vertical zero reference (VZR). 

Computes the operational vvaveform's most negative valuer 
relative to the VZR. 

Computes the operational waveform^s peak -to -peak value 
[MAX - MIN), 

Computes the operational waveform's rooi-mean-sgLiare 
value. 

Computes the operational waveform's algebraic mean 
value. 

Computes the operational waveform's middle value 
[(MAX + MIN) / 2], 

Computes the area under the operational waveform. 

Computes the operational waveform's energy. 

Computes the operational waveform's period. 

Shift function of ||_PE^ Computes the operational 
waveform's frequency. 



PULSE Parameters (Duplicated on the measurement keyboard.) 

NOTE 

The following parameters are computed ort the operationai 
waveforrr^ as defined by the cursor positions. Cursor / 
identifies the puise base fine and Cursor 2 identifies the puise 
top. The resufts are returned to the X register and dispiayed in 
its field in the STORED or BOTH CRT DISPLAY modes. 



I RISE 1 



Computes the rise time of the identified operational 
waveform pulse. 



I fall I 



Shift functioft of ( RISE i . Computes the fall time of the 
identified operational waveform pulse. 



[ DELAY) 



Computes the delay time of the identified operational 
waveform pulse. 



Computes the width of the identified operational waveform 
pulse. 
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WAVEFORM CALCULATOR DESCRiPTIONS jCont) 

(T) CURSOR POSITION (Duplicated on the measurement key boards 



[ CRSK I 


Moves Cursor if on, toward the start of the operational 
waveform 


1 CRS1> 1 


Moves Cursor 1, if on, toward the end of the operational 
waveform. 


1 CRS2< 1 


Moves Cursor 2, if on, toward Cursor 1. 


( CRS2> 1 

(T) Numeric Entry 


Moves Cursor 2, if on, toward the end of the operational 
waveform. 


CEZIO 


Enters the designated digit into the X register. 


CD 


Enters the decimaE point into the X register. 




Displays the exponent identifier and field in the X register. 


( CHS 1 


Changes the sign of the mantissa or exponent of the 
number being entered in the X register. 


© CURSORS 


NOTE 



The cursors, when on, are displayed on the operational 
waveform in the STORED and BOTH CRT DISPLAY modes as 
intensified points. 



\ CRS2 1 1 


Turns on both cursors Displays the coordinates of Cursor 
2 relative to Cursor 1 (Duplicated on the measurement 
keyboard.) 


rcRsi] 


Shift function of ( CRS2 - 1 ) Turns on Cursor 1 only. 
Displays the coordinates of Cursor 1 relative to the start of 
the waveform. (Duplicated on the measurement keyboard.) 


1 HCRD 1 


Returns the horizontal coordinate (with one cursor on) or 
the relative horizontal coordinate fwith both cursors on) to 
the X register. 


( >HCRD )| 


Shift function of ( HCRD ). Moves the cursor(s), if on. so 
that the horizontal coordinate or relative honzontal 
coordinate equals the value in the X register. 


[ VCRD 1 


Returns the vertical coordinate (with one cursor on) or the 
relative vertical coordinate (with both cursors on) to the X 
register. 


j >vcrd]| 


Shift function of [ VCRD ) Moves the cursorfs), if on, so 
that the vertical coordinate, or relative vertical coordinate, 
equals the value in the X register. 


LoflD 


Turns off the cursors. (Duplicated on the measurement 
keyboard.) 


@ 
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WAVEFORM CALCULATOR DESCRIPTIOI^S (ContJ 
@ DATA STORAGE 



[ P..-^W 1 


Returns the points -per -waveform setting to the X register. 


[ P/W ] 


Shift function of t P/wj . Sets the pq i nts -per waveform 
value to one of 128, 256, 512, or 1024. 


n PNT 11 


Returns the vertical value of the operational waveform 
point specified m the X register to the X register. 


FpntI 


Shift function of ( PNT ) Sets the operational waveform 
point specified in the X register to the vertical value given 
in the Y register. 




Returns the constant to the X register from the constant 
register specified 


1 >CMS 1 


Shift function of ( CNS ] . Copies the constant given In the 
Y register into the constant register specified in the 
X register. 


1 WFM 1 


Recalls the stored waveform specified in the X register 
from waveform memory to the display, 


1 >WFM J 


Shift function of t WFM } Copies the operational 
waveform into the waveform memory specified m the 
X register. 



(ij) Shift Commands 

Selects shift function oF the next key pressed. (Duplicated 
qn the measurement keyboard) 



Shift function of { EEX ] clears the shift flag. 
® ?""ORFD WFM DISPLAY 



a 

[HI] 



NOTE 

The following commends affect the stored waveform displayed in 
the STORED or BOTH CRT DfSPLA Y modes only. They have 
no effect on the reat-Ume waveforms or the displayed 
alphanumeric characters. 



il TIME B 


The stored waveform|s) are displayed with time as the 
hori 2 ontal axis (Y-T mode). 


1 vs )| 


Shift function of (TIMEJ The stared waveform(s) are 
displayed in the X-Y mode using the waveform specified in 
the X register as the horizontal axis. 


1 VECT 1 


The stored waveform(s) are displayed as a series of points 
joined together with straight-line vectors, 


1 DOTS i 


Shift function of 1 VECT ) The stored waveformfs) are 
displayed as a series of points. 



XXX 
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WAVEFORM CALCULATOR DESCRIPTIONS {Covn) 

[ DSW 1 The stored waveform specified in the X register is 

displayed in addition to the operational waveform, 



[ CLW 1 Clears the stored wavefornrt specified in the X register from 

the display if it was previously displayed with the DSW 
command. 

[ CLP ] Shift fy notion of ( CLW ] . CJears all wavefornns, except 

the operational waveform, from the display if they were 
displayed with the DSW command. 



@ VERTICAL POSITION 

I VPUP \ Moves the operational waveform upward. 

[ ypPIM 1 Moves the operational waveform downward, 



® CRT DISPLAY (Duplicated on the measurement keyboard.) 

\ SCOPE 1 Selects real-time waveform and readout display mode. 

[ STQREdI Selects stored waveform and character display mode. 

I 8QTH~[ Shift function of [STORED] Selects mixed display of 

real-time and stored waveforms, with character display. 



@ WFM ACQUISITION 

I AQR 1 Acquires repetitive reaJ-time waveform(s) with readout; 

stores result in waveform memory. (Duplicated on the 
measurement keyboard.) 



I AQS [ 



I AVG 1 



1 GND 1 



Shift function of |aQR j . Acquires single-sweep 
waveform(s) with readout, and stores the result In waveform 
memory. (Duplicated on the measurement keyboard). 

Averages the repetitive real-time waveform the number of 
limes listed in the X register and stores the result in 
waveform memory. 

Presets ground reference for subsequent waveform 
acquisition. Ground reference is set at the algebraic mean 
vertical position of the real-time trace. (Duplicated on the 
measurement keyboard.) 



I RDQUT j Shift function of t~GNO ] . Returns the reaLtime readout 
value (without units) of the readout word specified in the 
X register to the X register 



@ ERROR (Indicator) Illuminates when an error or warning condition occurs 
(Duplicated on the measurement keyboard.) 
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WAVEFORM CALCULATOR DESCRIPTtONS (Com) 



@ WFM SCALING 

j_VZRj) Returns the location of the operational waveform'e vertical 

zero reference {VZR) in divisions relative to the center 
horizontal graticule line to the X register. 

I VZR j Shift function of [ VZR ] Moves the operational waveform 
so that Its VZR is at the level specified in the X register 



[ VXPD I 



I VSCL I 



I VSCL I 



I HSCL I 



I HSCL [ 



Vertically expands the operational waveform about the 
center horizontal graticule line by the factor specified in 
the X register. The vertical scale factor of the operational 
waveform is changed so that the waveform's value does 
not change A negative number in the X register will also 
invert the operational waveform. 

Returns the vertical scale factor (size per vertical graticule 
division) of the operational vuaveform to the X register. 

Shift function of ( VSCL ] changes the vertical scale 
factor of the operational waveform to the value specified in 
the X register. 

Returns the horizontal scale factor (size per horizontal 
graticule division] of the operational waveform to the 
X register. 

Shift functions of the ( HSCL ] . Changes the horizontal 
scale factor of the operational waveform to the value 
specified in the X register 



(i?) WFM FUNCTIONS 



I ITRP )| 


Replaces a delimited portion of the operational waveform 
with a straight line. Delimiters are the cursors, if on, or the 
horizontal locations in the Y and X registers. 


f INTG ] 


integrates the operational waveform 


I DiFF I 


Shift function of [ INTG J Differentiates the operational 
waveform. 


\ ORD I 


Returns the value of the operational wavefornn at the 
horizontal positron specified in the X register^to the X register. 


I ORD J 


Shift function of the |0RD( . Sets the operational 
waveform vertical value, at the value given in the Y register. 


I SMOOTH 1 


Smooths the operational waveform (performs an n- point 
average) using the value in the X register. 


1 HPLFT 1 


Shift function of [SMOOtIhI , Horizontally positions the 
operational waveform to the left. 
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WAVEFORM CALCULATOR DESCRIPTIONS {Cont) 

[ HXPD ] Horszontally expands the operational wavefornn, or the 

delimited portion of the operational waveform, by Ihe value 
in the X register. The horizontal scale factor is changed by 
the expansion ratio to maintain the value of the operational 
waveform The cursors, if on, are delimiters. 

I HPRGT] Shift function of | HXPP] . Horizontally positions the 
operational wavefornn to the right. 



@ PROGRAM EXECUTE 



NOTE 

Ths faffow/ng program commarjds, except STFP, are 
programmable. 



t EXEC ] 



I STEP i 



1 RUN I 
{ GS6 ] 






I GOTO I 



Switches the processor and the display to the program 
Execute mode. This function is invoked with alternate 
actuations of the key. 

Switches the processor to the Step state and begins 
single-line execution of the program this command is not 
programmable. 

Switches the processor from the idle slate to the Run 
state. 

In the idle or Step states: move the execute pointer to the 
program line specified by the number in the X register for the 
start of the subroutine. In the Run state: moves the execute 
pointer to the specified line and continues execution of the 
subroutine. 

Shift function of IGSB j , In the idle or Step state; returns 
the execute pointer to the program line where the execute 
pointer was located prior to a GSB command. In the Run 
state; returns the execute pointer and continues execution. 

In the idle or Step state; moves the execute pointer to the 
program line specified in the X register. In the Run state; 
moves the execute pointer to the soecified line and continues 
execution. 



t 1 Shift function of | GOTO] . Returns the program line 

number to the X register of the first program line holding the 
specified label. 

I [FV>jf~| Compares the contents of the Y and X registers, and in the 

STORED or BOTH CRT DISPLAY modes, displays the test 
result tf TRUE or FALSE 

[ IRY=r \ Shift function of [ IFV>Jf ] Compares the contents of the ¥ 
and X registers and, in the STORED or BOTH CRT 
DISPLAY modes, displays the test result of TRUE or 
FALSE 
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WAVEFORM CALCULATOR DESCRIPTIONS (Com) 

I start! Shift function of | RUN | . In the idle state: switches the 
processor to the Run state and begins execution with the 
first command of program line 000. In the Run state: 
coniEnues eKeculion with the first command of program 
fine 000. 



\ ST0P~1 Terminates AQR. AVG, or GND if executing: terminates 
READX , SENDJSl' , >TEXT, TEXT, or SAVE prior to the start 
of data transfer; terminates program execution (Duplicated 
on the measurement keyboardj 

|~PAUSE I Shift function of | STOP] . Stops execution for about 0.7 
seconds. 



BUSY (Indicator)— I (luminaies when the processor is busy executing a 
command. 
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Introduction 



The 7854 Osctlloscope system can be operated in any of three distinct display 
modes— SCOPE, STORED, or BOTH — as selected with the keys located in the CRT 
DISPLAY blocks on either the measuremeni or Waveform Calculator keyboards. 
These display modes are defined as follows: (a) SCOPE Mode— Real-time waveform 
and readout displays supplied by the selected plug-in units (as in conventional 
oscilloscopes), |b) STORED Mode — Stored waveform and alphanumeric character 
displays supplied by the internal processor of the 7854 Oscilloscope* (cj BOTH 
Mode — Mixed displays of the real-time waveforms from the plug-in units with the 
stored waveforms and aiphanumeric character displays supplied from the internal 
processor. 

Other features of your 7854 oscilloscope system are introduced in the remainder of 
this section* In addition, this section includes the following: 

1, Brief descriptions of each control, connector, key, and indicator; 

2, Installation instructions including power-up conditions; and 

3, A glossary of terms used throughout this manual. 
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7854 FEATURES 

The TEKTRONIX 7854 Oscilloscope with Waveform Calculator combines the 
features of a high-performance plug-in oscHioscope with a waveform oriented 
dedicated-function digital processor. 



The 7854 accepts Tektronix 7000-Series plug-in units for display control. The flexibility 
and variety provided by the wide line of plug-in units available allow the system to 
accommodate many measurement applications. The left pair of plug-in compartments 
are used for The vertical deflection of the real-time signal and the right pair are for the 
horizontal deflection. Electronic switching between each pair will produce multi-trace 
real-time vertical or horizontal displays. 



In addition, the waveform processor provides equivalent-time sampled digitizing of 
waveforms to 400 megahertz equivalent-time bandwidth. The processor can be 
operated from either keyboard ffront-panel measurement keyboard or detachable 
Waveform Calculator keyboard) or remotely over the GPtB (General Purpose 
Interface Bus). By changing the resolution of the waveform memory in the standard 
version of the 7854 Oscilloscope, up to 16 waveforms can be stored in memory: up 
to 9 of these can be displayed at one time. A mixed (BOTH) mode is provided to 
display both the real-time waveforms and the stored waveforms for comparison or 
measurement. 



Cursors are provided for the stored waveforms to delimit or identify portions of the 
waveform to be measured. These cursors are generated by the processor and can 
be manually positioned by executing the appropriate commands from the 
keyboard(s), automaticafiy positioned through execution of a stored program, or 
remotely positioned from the GPIB controller. Some of the dedicated functions (e.g.. 
WIDTH, RISE, ITRP, etc.) are cursor-dependent. The cursor coordinates (or relative 
coordinates) are provided on the display in the STORED or BOTH modes. 



Specific characteristics of the STORED display can be selected with the keyboards 
or over the GPlB. The Waveform Calculator provides display control to vertically or 
horizontally expand the stored waveform; display any stored waveform versus 
another in X-Y mode, or versus time in Y-T mode; display the stored waveform as 
Individual points, or with vectors drawn between points. Also, functions are 
provided to manipulate the entire stored waveform. For example, any stored 
waveform can be either vertically or horizontally positioned without affecting the 
absolute voltage values; or any stored waveform can be differentiated, integrated, or 
smoothed and the resulting waveform displayed. 



Programming, consisting of a series of commands stored for later execution, is 
available to simplify measurements which must be repeated. Editing and execution 
is controlled either from the Waveform Calculator or the GPIB. 
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INSTALLATION 



This instrument was inspected both mechanicailv and electrically before shipment 
from the factory to be free of mars or scratches and to meet or exceed all electrical 
specifications. Upon receipt, inspect the instrument for any physical damage which 
may have been incurred in transit. Then, refer a qualified service person to the 
Performance Check Procedure in the Cafibretion section of the 7854 Service 
Manual to verify the electrical performance of the instrument. If mechanicat 
damage or performance deficiencies are found, contact your local Tektronix Field 
Office or representative. 



OPERATING POWER INFORMATION 

This instrument will operate from either a 1 15-voll or 230-volt nominal line-voltage 
source, 48 to 440 hertz. 



OPERATING VOLTAGE 

The LINE VOLTAGE SELECTOR switch {located on the rear panel of the 7854 
Oscilloscope mainframe) allows selection of 115-volt or 230-volt nominal line 
voltage operation. To select the correct nominal line voltage, first change the power 
cord and plug to match the power-source receptacle (if necessary). Then, use a 
small screwdriver to move the LINE VOLTAGE SELECTOR switch to the desired 
range. 



^ CAUTION \ 

Jo prevent rinmage to the instrument, always check the settings of the 
LINE yOLlAGE SELECTOR switch located on the rear panel of the 
7854 Oscilhscope mainframe before connecting the instrument to the 
fine - VO ft age so urce , 



POWER CORD INFORMATION 

A power cord with the appropriate plug configuration is supplied with each 
instrument. For your convenience the color-coding of the power cord conductors is 
given in Table 1-1, Also, should you require a power-cord plug other than that 
supplied, refer to the Power-Cord and Plug Identification Table 1-2. 



@ 
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W4 RNfNC 



This instrument operates from a single-phase power source, and has a 
detachable three -wire power cord with a two -pole, three -terminal 
grounding-type plug. The voltage to ground {earth} from either pole of 
the power source must not exceed the maximum rated operating 
voltage, 250 volts. 



Before making connection to the power source, determine that the 
instrument is adfusted to match the voltage of the power source, and 
has a suitable plug ft wo -pole, three-terminal, grounding typeT ft e for 
any changes to qualified service personnel. 



This instrument is safety class I equipment (lEC* designation). All 
accessible conductive parts are directly connected through the 
grounding conductor of the power cord to the grounding contact of the 
power cord. Therefore, the power plug must only be inserted h a 
mating receptacle with a grounding contact. Do not defeat the 
grounding connection. Any interruption of the grounding connection 
can create an electric shock hazard. 



For electric shock protection, the grounding connection must be made 
before making connection to the instruments input or output 
terminals. 



^International Electrotechnical Commis^sion 



TABLE 11 

Power-Cord Conductor Identification 



Conductor 


Color 


Alternate Color 


Ungrounded (Line) 


Brown 


Black 


Grounded (Neutral) 


Light Blue 


White 


Grounding {Earthing) 


Green/Yeliow 


Green/Yellow 



@ 
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TABLE 1-2 

Power-Cord And Plug Identilication Information 
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ANSI— American National Standards Institute ^BS—Sritish Standards Institution 

'NEM A— National Electrical Manufacturer's Association ^AS— Standards Association of Australia 

^1 EC— International Electrotechnical ComnriissioTi 

’CEE-- International Commission on Rules for the Approval of Electrical Equipment 
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MEMORY BACK UP POWER 




Two female banana jacks (on the rear panel of the 7854 Oscilloscope mainframe) 
allow application of about 6.25 V dc (0,7 A maximum) to provide back-up power for 
the volatile storage devices used for processor memory. The instrument is fuse 
protected for application of any voltages applied to the MEMORY BACK-UP POWER 
INPUT up to ±50 volts (dc plus peak ac). When power is first applied to the MEMORY 
BACK-UP POWER INPUT the red indicator lights to indicate that the fuse has not 
blown. 



I CAUTJOW I 

To proven! /oss of data from memory due to a power fadure, apply 
memory back-up power. 



OPERATING TEMPERATURE 

The 7854 can be operated In ambient air temperatures between 0^ and +50° C, and 
can be stored in ambient temperatures from -55° to +75° C. After being stored in 
temperatures outside the operating limits, allow the chassis temperature to return 
to within the operating limits before applying power. 



The 7854 Oscilloscope mainframe is cooled by air drawn in through holes in the 
top. side, and bottom cabinet panels and blown out through the fan exhaust. To 
ensure proper instrument cooling, maintain the clearance provided by the feet on 
the bottom cabinet panel, and allow at least 2 inches of clearance at the top, sides, 
and rear of the instrument. 



If the internal temperature of the mainframe exceeds a safe operating level, a 
thermal cutout will repeatedly disconnect the instrument power supply. This 
condition stops when the temperature returns to a safe level. 



INSTALLING PLUG-IN UNITS 

The 7854 Oscilloscope mainframe accepts up to 4 Tektronix 7000-series pfug-in 
units. This feature allows selection of bandwidth, sensitivity, real-time display 
modes, etc., and provides for future expansion of the system. 
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The overall electrical capabilities of the system are mainly determined by the 
characteristics of the selected plug-ins. For information on other plug-in units, refer 
to the current Tektronix Products catalog. 



To present instrument damage, ptug-in units shoufd not be instated or 
removed without first turning off the 7854 Oscifloscope. However, to 
prevent loss of data from memory, be sure memory back-up power is 
applied before turnmg off the instrument. 

To install a plug-in unit into a compartment, align the slots in the lop and bottom of 
the plug-in unit with the corresponding guide rails in the plug-in compartment. 
Insert the plug-in unit into the compartment until it locks into place. To remove a 
plug-in unit, pull out on the release latch to disengage the plug-in. To meet the EMC 
(electromagnetic compatibility) specifications, cover all unused plug-in 
compartments with an EMC-shielded blank plug-in panel, Tektronix part 01 6^01 55- 
00 . 

The gam of the 7854 vertical and horizontal systems is normalized. This allows 
plug-in units to be interchanged among plug-in compartments without adjustment 
of the system. To verify plug-in accuracy, their basic calibration should be checked 
when installed. (Refer a qualified service person to the plug-in unit manual for 
further information). 



The 7854 Waveform Calculator is shipped to you in a package separate from the 
7854 Oscilloscpe mainframe. Upon receipt, inspect the Waveform Calculator for any 
physical damage which may have been incurred in transit. To attach the Waveform 
Calculator to the 7854 Oscilloscope, mate the connector at the end of the calculator 
cable to the rear-panel EXTERNAL KEYBOARD input on the mainframe. Then 
secure the connector with the screws provided on the outer edges of the cable 
connector. 



The 7854 (except Option 0D) is equipped with an IEEE 488-1978 Digital Interface 
for Programmable Instrumentation, commonly referred to as a General Purpose 
Interface Bus, or GPIB. The GPIB allows remote control of all processor functions, 
and data transfers to and from the 7854. 



S"' 

S CAUTION ( 




CONNECTING THE WAVEFORM CALCULATOR 




GENERAL PURPOSE INTERFACE BUS (GPIB) 



The GPIB connector and associated address and function selector switches are 
mourned on the rear panel of the 7854. Refer to the GPIB section of this manual for 
complete GPIB information. 
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POWER-UP CONDITIONS 

When the 7854 is turned on (without memory back-up power applied), the 
wavefornri processor runs four self-checking tests. Although these tests are not ail- 
indusive, they indicate if major portions of the processor are properly working. The 
self -test sequence outlined below begins when power is applied to the 7854. 

Step 1: When power is applied the following indicators will tight; POWER, 
selected positions of the A and 8 TRIGGER SOURCE switches, and all 
selected indicators on the plug-in units. For approximately three seconds 
after power-up the following indicators will remain off: all positions of the 
VERTICAL and HORIZONTAL MODE switches, all Intensity indicators, all 
red front-panel (measurement keyboard) and Waveform Calculator 
indicators. 



Step 2: All positions of the VERTICAL and HORIZONTAL MODE switches, all 
Intensity indicators, and all red front-panel and Waveform Calculator 
indicators will now light. 



Step 3: A fault condition found through any of the four tests is indicated with the 
lights of the VERTICAL and HORIZONTAL MODE switches. Fault condition 
codes are listed in Table 1 -3. Be sure to note the code received so that you 
may more fully inform the service person about the trouble. 



TABLE 1-3 
Self-Test Fault Codes 



VERTICAL MODE 
Indicator Status 


HORIZONTAL MODE 
Indicator Status 


Circuitry 
With Fault 


All lights on 


B light on. 


RAM 


All lights on. 


CHOP light on. 


ROM 


All lights on. 


CHOP and B lights on. 


Real-time Clock 


All lights on. 


ALT light on. 


Display 



If a fault code occurs, press any button of the VERTICAL or HORIZONTAL 
MODE switches and the self-testing will continue. Then, refer a qualified 
service person to the Performance Check Procedure in the Calibration 
section of the 7854 Service Manual to verify the electrical performance of 
the instrument. 
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Step 4: Successful completion of the self tests is indicated by the issuance of the 
audible warning tone (if the rear-panel AUDIBLE E8ROR/WARNING 
switch is ON), and the extinguishing of all red indicators, the S and A 
Intensity indicators, all VERTICAL MODE lights except LEFT, and all 
HORIZONTAL MODE switch lights except B. In addition, if the READOUT 
intensity control is set to about midrange, the message SELF TEST 
COMPLETE will be displayed on the crt. 



PRESET CONDITIONS 

After successful completion of the processor self tests, several parameters of the 
7S54 are set to predetermined conditions. These power-up conditions are; 



CRT DISPLAY Mode 

Program Mode 

Program Memory ............ 

VERTICAL MODE 

HORIZONTAL MODE 

Stored Waveform Display 

P/W (Points/ Waveform) , , . . . 
Stack Registers .............. 

OPW (Operational Waveform) 
All Waveform Memory Points 

VZR (Vertical Zero Reference) 

Vertical Scale Factor 

Vertical Scale Factor Unit ... 

Horizontal Scale Factor 

Horizontal Scale Factor Unit . 



Set to SCOPE 

Set to EXECUTE 

Cleared 

Set to LEFT 

Set to B 

.................. Not displayed; 

set to VECTors 

Set to 512 

Cleared to 0 

Set to 0 

Set to the zero value 

(center horizontal graticule line) 

Set to 0 (all 

waveform memories) 
Set to 1 (all 
waveform memories) 

Set to V (all 

waveform memories) 

Set to 1 (al! 

waveform memories) 
Set to S (all 



waveform memories) 



Constant Registers Set to 0 

TTL Output Set HIGH 

All GPIB Service-Request Functions * . . Set ON 



OPERATING POSITION 

A bail-type stand, mounted on the bottom of the mainframe, permits the instrument 
to be tilled up about 10° for more convenient crl viewing. 
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GLOSSARY OF TERMS 

The terms listed in this glossary are used throughout this manual and are defined 
here for your convenience. 

ADDRESS 

A value that identifies a specific storage location. 

ALGORITHM 

A fully specified procedure used for solving a mathematical problem in a finite 
number of steps. 

ASCII 

Abbreviation for "American Standard Code for Inforniauon Interchange". A seven^ 
bit character code used extensively in data transmission in which 128 numerals, 
letters, symbols, and special control codes are represented. 

AUTOSCALE 

Auiijinaiic vertical scaling ol a stored waveform to maximize the display range to 
between ^"3.5 divisions rrstn center screen. 

BITS 

A single entity used to encode data and designated by either 0 or 1 . 

BUS 

An interface of one or more signal lines used to connect two or more devices over 
which messages are iransferred. 

BYTE 

A unit of S hits used to encode data. The data transfers over the GPIB are byte 
serial, bit parallel. 

CALCULATOR LANGUAGE 

A compute! lungujge that consists primarily of commands, each of which is capable 
of invoking a function to be executed, 

COMMAND 

An instruction which initiates the processor to perform a pre-programmed function. 

COMMAND BUFFER 

A device for storing incoming commands, in order of arrival, white previously 
received commands ure toeing executed by the processor, 

CONSTANT 

In the 7854 a constant is a singlewalued variable. 
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CONSTANT REGISTER 

A storage register which is able to hold on[y one constant at a time. 



Option 


Number CNS Registers 


CNS Number 


0D 


0 


— 


Standard i 


50 


0-49 


2D 1 


100 


0-99 



CONTROLLER 

A device on the GP1B which is in charge of establishing talkers and listeners for 
data transfers. 

CURSORS 

One or two specially identified points on the operationat waveform used to delimit 
or identify for further waveform manipulation or measurement. 

CURVE 

An ASCII string used to represent actual waveform data points over the GPIB. 

DATA PATH 

Refer to Figure 1-1 for illustrated definition. 

DIGIT 

One of the symbols: 0,1 ^2, 3, 4, 5,6,7, S. and 9, 

DIGITIZER 

A device which converts analog data into numbers. In the 7854 the digitizer 
converts the real-time signais into the digitally-represented stored waveforms. 

DOTS 

A mode used to represent and display the stored waveforms as a series of discrete 
points. 

EDIT 

To modify the stored program, ^.g., to insert or delete commands into or from a 
program. 

EQUIVALENT TIME 

In digitizing oscilloscope operation: the time scale associated with the output of the 
digitizer. 

EQUIVALENT-TIME BANDWIDTH 

The range of frequencies which can be adequately digitized. 

T Applies only to instruments with seriai numbers below B085121. For instrumervta with 
serial number B085121 and above, feetures previously provided by Option 2D are standard. 

1-10 
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REAL-TIME PATH: Standard o&cilEoscope circuitry- includes channel switch, output 
amptifier, and crl. 

STORED DATA PATH: Includes the channel switch, digitizer, memory, output 
amplifier, and crt. 

NUMERIC PATH: Includes the channel switch, digitizer, memory, and 
computational aglorithms; data output ts via GP18 {General Purpose Interface Bus), 



2S73 402 



Figure 1-1, Definitiort of Data Path Terms. 



EQUIVALENT-TIME SAMPLING 

The method used to digitize and store repetitive real-time waveforms in the 7854 
whereby a stored waveform is built from samples taken during many cycles of a 
repetitive real-time waveform. 

ERROR 

Issued when the command which was to be executed could not be executed 
because a restriction condition existed. 

ESIGN 

The sign (either + or -) associated with the exponent. 

EVALUE 

The absolute value of the exponent, 

EXECUTION 

Performing a command. 



EXPONENT 

A signed two-digit number that indicates the power to which the base (10) is raised. 
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FIELD 

A specified area of the graticule used to display a particufar category of data, (e.g. 
the contents of the X register, the mnemonic of the last command executed, etc,}. 

FLAG 

A character that signals the occurrence of some condition, such as the / indicates 
that a shift function will follow. 

FLOATING-POINT 

In the 7854: a form of notation in which quantities are expressed as a mantissa 
{within the range of 1 .000 through 999,9) with an exponent. 

FUNCTION 

A statement to the processor that specifies the operation to be performed, Jn the 
7854 the values or Jocations of the operands are implicit in the function. 

GPIB 

The abbreviation for General Purpose Interface Bus which is defined by the IEEE 
standard 488-1978. 

GPIB-ONLY COMMANDS 

Commands accessible only via the external interface: commands having no 
corresponding keys. 

HANDSHAKE 

A method of transferring data over the GPIB involving an interlocked sequence of 
signals {e.g,, DAV, NRFD, NDAC, etc.)- 

INTERRUPT 

To stop a process in such a way that it can be resumed. 

I/O (Input/Output) 

A term used to refer to data transfers between devices. 

JITTER 

instability of a displayed signal in either amplitude or phase. 

LABEL 

In the 7854 a label consists of the character "'L"' followed by two digits that serve to 
identify a program line. 

LISTENER (or Acceptor) 

A device on the GPiB which is receiving data from another device on the GPIB. 
Several listeners are allowed for any data transfer. 
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LETTER EXPONENT 

A single letter following the mantissa of a displayed floating-point number which 
represents a power of 1 0 multiplier {e.g., in 2.467m the m represents E-03), 

LSD 

Abbreviation for "least significant digil"^ which is the digit with the lowest 
weighting in a number. Usually the right-most digits 

MAINFRAME 

That portion of the 7854 which houses the plug-in units and the majority of 
circuitry. Does not include the Waveform Calculator or the specific plug-in units, 

MANTISSA 

That portion of a floating-point number representing the significant digits of the 
number (e.g,, 2.460 is the mantissa in the number: 2*460E+29), 

MEASUREMENT KEYBOARD 

The keys and associated indicators located on the front panel of the 7854 
mainframe, 

MESSAGE TERMINATOR 

A means of specifying the last byte to be transferred over the GPIB in any one 
message. 



MNEMONIC CODE 

Symbolic language codes that are easily remembered because they closely 
resemble the operation that they specify. All 7854 mnemonics are briefly defined 
below: 

ABS Compute and return absolute value to the X register. 

AQR Acquire repetitive waveform{s). 



AQS Acquire single-shot waveform^s). 

AREA Compute and return OPW area. 



AVG 



Average the real-time waveform. 



AVG10 
AVG100 
AVG 1000 
BOTH 



Average the real-time waveform 10 times. 

Average the real-time waveform 100 times. 

Average the real-time waveform 1000 times. 

Set display mode for both real-time waveforms and stored 
waveforms. 
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MNEMONIC CODE (Cont) 

CEROFF* Turn off service requests for command errors. (Issued only 





over GPIS.) 


CERON^ 


Turn on service requests for command errors. (Issued only 
over GPIB.) 


CHS 


Change sign. 


CLD 


Clear the stored display of b\\ stored waveforms displayed 
with the DSW command. 


cl/ 


Clear shift flag. 


CLL 


Clear program line. 


CLP 


Clear entire program memory. 


CLS 


Clear stack. 


CLW 


Clear the designated stored waveform from the display. 


CIX 


Clear X register by popping the stack. 


CNS 


Return value from constant register. 


>CNS 


Store value in constant register. 


CRS1 


Turn Cursor 1 on. 


CRSU 


Move Cursor 1 toward start of OPW. 


CRS1> 


Move Cursor 1 toward end of OPW. 


CRS2-1 


Turn both cursors on. 


CRS2< 


Move Cursor 2 toward Cursor 1. 


CRS2> 


Move Cursor 2 toward end of OPW. 


DEb^Y 


Compute and return delay time. 


DIFF 


Differentiate the OPW. 


DOTS 


Display stored waveform(s) in DOTS mode. 


DSW 


Display the designated stored waveform. 



"These mnemonics are not printed on the instrument. 
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MNEMONIC CODE 


fCont) 


EEX 


Enter exponent. 


ERR?' 


Transmit error status over GPIB. 


ENERGY 


Compute and return energy. 


ENTER 


Enter data in stack; terminates numeric entry or pushes the 
stack. 


EXECUTE 


Go to the program Execute mode. 


EXP 


Compute exponential function. 


EXROFF^ 


Turn off service requests for execution errors. (Issued onJy 
over GPIB.) 


EXRON* 


Turn on service requests for execution errors. (Issued only 
over GPIB.) 


/ 


Set shift flag. 


FALL 


Compute and return fall time of OP W pulse. 


FREQ 


Compute and return frequency of OPW. 


GND 


Set ground reference. 


GOTO 


Go to specified program line. 


GSB 


Go to program subroutine. 


HCRD 


Return cursorfs) horizontal coordinate. 


>HCRD 


Set horizontal coordinate of cursor(s)H 


HMDA* 


Set HORIZONTAL MODE to A. 


HMDALT* 


Set HORIZONTAL MODE to ALT. 


HMDB* 


Set HORIZONTAL MODE to B. 


HMDCHOP* 


Set HORIZONTAL MODE to CHOP. 


HPLFT 


Horizontally position the OPW left. 


HPRGT 


Horizontally position the OPW right. 



*These mnemonics are not printed on the instrument. 
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MNEMONIC CODE (Cont) 



HSCL 


Return OPW horizontal scale factor. 


>HSCL 


Set OPW horizontal scale factor. 


HXPD 


Horizontally expand the OPW. 


ID 


Display instrument identify message. 


ID * 


Transmit instrurnent identify message over the GPIB. 


INTO 


Integrate OPW. 


ITRP 


Linearly interpolate. 


\fx=y 


Compare constants or referenced waveforms in X and Y 
registers for equality. 


\fy>x 


Compare constants or referenced waveforms in Y and X register 
for greater than "condition. 


10C0FF" 


Turn off service requests for I/O commands. (Issued only 
over the GPIB.) 


lOCON^ 


Turn on service requests for I/O commands. [Issued only 
over the GPIB,} 


LBL 


Return labeled program line number. 


LN 


Compute and return natural logarithm. 


LNN 


Begin entering program line label. 


MAX 


Compute and return maximum value of OPW. 


MEAN 


Compute and return mean value of OPW, 


MID 


Compute and return middle value of OPW. 


MIN 


Compute and return minimum value of OPW. 


NEXT 


Advance to next program line. 


OFF 


Turn cursor(s) off. 


OPCOFF* 


Turn off service requests for operation complete. (Issued only 
over the GPIB.) 



•These mnemonics are not printed on the instrument. 
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MNEMONIC 

OPCON* 

ORD 

>ORD 

PAUSE 

PER 

PNT 

>PNT 

P-P 

PREV 

PROG 

P/W 

>P/W 

READX 

REMOFE' 

REMON^ 

RDOUT 

RISE 

RMS 

ROLL 

RQS 

RQSOFF* 



CODE (Coni) 

Turn on service requests for operation complete. (Issued only 
over the GPIB.) 

Return ordinate [vertical) value of specified horizontal 
coordinate of OPW. 

Set OPW to specified ordinate value at specified horizontal 
coordinate. 

Pause temporarily in program execution. 

Compute and return period of OPW. 

Return value of specified point of OPW^ 

Set point of OPW to specified value. 

Compute peak-to-peak value of OPW. 

Back up to previous program line. 

Enter programming mode. 

Return points-per- waveform setting. 

Set the points-per-waveform of all waveform memories. 

Input data into 7854 X register from GPIB. 

' Turn off service requests for RQS. [Issued only over the 

GPIB,) 

Turn on service requests for RQS. (Issued only over the 
GPIB.) 

Return real-time readout word contents. 

Compute and return rise time of OPW. 

Compute and return root-mean- square of OPW. 

Shift data circularly within the stack* 

Transmit SRQ query request. 

Turn off ail service requests except Power On. [Issued only 
over the GPIB.) 



*These mnemonics are not printed on the instrument. 
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MNEMONIC CODE fCont) 



VECT 


Display stored waveform(s) in vector mode. 


VMDADD* 


Set VERTICAL MODE to ADD. 


VMDALT* 


Set VERTICAL MODE to ALT. 


VMOCHOP* 


Set VERTICAL MODE to CHOP. 


VMDL* 


Set VERTICAL MODE to LEFT. 


VMDR^ 


Set VERTICAL MODE to RIGHT. 


VPDN 


Move OPW down. 


VPUP 


Move OPW up. 


VS 


Display waveform versus waveform (X-Y mode). 


VSCL 


Return OPW vertical scale factor. 


>VSCL 


Set OPW vertical scale factor. 


VXPD 


Vertically expand the OPW. 


VZR 


Return the vertical zero reference of the OPW. 


>VZR 


Set the OPW vertical zero to the specified graticule location. 


WFM 


Return and display specified stored waveform. 


>WFfVl 


Store OPW into specified waveform memory. 


WIDTH 


Compute and return width. 


xoy 


Exchange contents of X and Y registers. 


+ 


Add. 



Subtract. 



* 


Multiply. 


/ 


Divide. 



Decimal points 



0-9 


Digits. 



"These mneffionics are not punted on the instrument. 
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MSD 

Abbreviation for '"most significant digit", which is the digit with the highest 
weighting in a number. Usually the left most digit. 

NESTING 

A programming technique involving the calling of subroutines from other 
subroutines. 

NOISE 

A term referring to spurious or undesirable electrical signals. 

OPERAND 

Any quantity that is used as input for a command and affects its results. 

OPERATIONAL WAVEFORM (OPW) 

The operational waveform is always displayed in the stored mode^ and is the only stored 
waveform whose scale factors are displayed. It is the waveform operand for certain 
waveform functions and the cursors are associated with The operational waveform is 
the one whose number is presently in the X register, and is the default stored waveform 
which is currently being manipulated or operated upon. 

PREAMBLE 

An ASCII string used to define the scaling information for a waveform transferred 
over the GPIB, 

PROGRAM 

A set of stored commands that specifies the series of functions to be automatically 
performed by the processor. 

PROGRAM LINE 

A set of commands which reside on one line of a program, each line having a 
unique line number. 

POPPING THE STACK 

A method of removing data from the stack whereby the data is retrieved from the X 
register. 

PUSHING THE STACK 

A method of entering new data into the stack whereby the new data is written into 
the X register. 

QUANTIZE 

To convert a continuous variable, such as a real time waveform, into a series of 
specified steps or levels. There are no "in-between" values in such a quantized 
waveform. Each value of signal is replaced by the nearest available level. 
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QUERY 

A GPIB output command used to get status information beyond that contained in 
the status byte. 

RAM 

Abbreviation for "random-access memory". A memory that can be both written into 
and read from. 

REAL-TIME WAVEFORMS 

Having to do with the actual time during which physical events take place; usually 
used to refer to conventional oscilloscope displays. 

REAL-TIME SAMPLING 

The method used to sequentialty digitize and store single-sweep waveforms in the 
7854. 

RETURN 

A bringing back of data from the memory to the stack. Also, means “returns execution 
control from a subroutine to the ca fling program". 

ROM 

Abbreviation for "read-only memory". A storage arrangement primarily for infor- 
mation-retrieval applications. A memory that can only be read from, not written into. 

ROUNDING 

Method used to modify a number which contains more significant digits than can be 
preserved. Numbers in the 7854 are rounded to 4 significant digits. 

RPN 

Abbreviation for "reverse palish notation". An arithmetic system used by the 7854 
whereby the operand(s) are specified before the function. 

rsv 

IEEE STD 488-1978 local message Indicating request service. 

SCALE FACTOR 

The factor by which the number of scale divisions indicated must be multiplied to 
compute the vertical deflection or sweep duration. 

SRQ 

IEEE STD 488-1978 remote message indicating service request. 

SERIAL POLL 

A sequential method used by the GPIB controller to receive status from other 
devices on the GPIB. 
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STACK 

A storage area reserved for temporarily holding constant operands or results, or 
referencing waveforms in waveform memory^ and consisting of five registers named 
W, T. Z, Y, and X. 

STORING 

The entire procedurer performed under control of the processor, to place data in 
memory. 

SUBROUTINE 

A series of instructions that perform a specific task and are only a portion of the 
main program. Primarily used to prevent duplication of code in programs, 

TALKER (or Source) 

A device on the GPIB which is transferring data to other devices on the GPIB. Only 
one talker is allowed for any data transfer. 

TRUNCATE 

The dropping of digits from one end of a data item, usually the least significant end, 
causing loss of precision or Information. 

VECTOR 

A mode used to represent and display the stored waveforms as a series of straight- 
line segments between two time-adjacent points, 

VOLATILE STORAGE 

A storage device in which stored data are lost when power is removed, 

WARNING 

Issued when the results from the command executed may not be what the user 
expects. The results should be examined carefully. 

WAVEFORM PROCESSOR 

Part of the 7854 which contains the waveform and program storage, arithmetic 
unit, and special register groups. It performs arithmetic operations, controls 
instruction execution, and provides timing signals and other housekeeping 
operations. Also referred to as the processor. 



1-22 



REV JUN 1983 




Section TWO 





Specification 

This Specification section contains tabuiar listings of the Electrical, Environmental, 
and Physical Characteristics of the 7854 Oscilloscope with Waveform Calculator. 

Refer a quaiified service person to the Performance Check Procedure in the 
CaUbralion section of the 7854 Service Manuaf to verify the efectricai performance 
of your instrument. 

Also included in this section are: 

1. Instrument shipping instructions: 

2. A list of standard accessories for the 7854 Oscilloscope; 

3^ The 7000-series oscilloscope system specifications; and 
4. A table of p1ug*in unit compatibilities. 
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7854 MAINFRAME AND WAVEFORM 
CALCULATOR SPECIFICATIONS 



The electrical characteristics listed in Table 2-1 apply when the following conditions 
are met: (1 ) Calibration of the instrument must have taken place at an ambient 
temperature between +20^ and +30'^ C, (2) the instrument must be allowed a 20- 
minute warm-up period, (3) all specifications are valid at an ambient temperature of 
0“^ to +5GP C, unless otherwise stated, and (4) the instrument must be in an 
environment that meets the limits described in Table 2-2. 

Any applicable conditions not listed above are expressly stated as part of that 
characteristic. Environmental Characteristics are listed in Table 2-2 and Physical 
Characteristics are listed in Table 2-3. 



TABLE 2-1 

Electrical Characteristics 



Characteristic 


Performance Requirement 


REAL-TIME 


VERTICAL SYSTEM 


Deflection Factor as 
Checked With 067-0587-02 
Calibration Fixture, 
Referenced to 6 Div 


Compatible with all 7000-series plug-in 
units. 


Difference Between 
Vertical Channels 


1%, or less. 


Low-Frequency Linearity 


0.1 div, or less, compression or expansion of 
a center-screen 2 div signal repositioned 
vertically anywhere within the graticule area. 


System Bandwidth 


Varies with plug-in unit selected. See 
700C-Serles Oscilloscope Systems 
Specification at the end of this section. 


Step Response 




System Rise Time 


Varies with plug-in unit selected. See 
7000-Series Oscilloscope Systems 
Specification at the end of this section. 


Channel Isolation 




All Vertical Modes 
(Except ADD) 


At least 1 00: 1 from dc to 250 MHz; and at least 
40:1 from 250 MHz to 475 MHz. 



@ 
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TABLE 2-1 (CONT) 
Electrical Characteristics 



Charact eristic 


Performance Requirement 


REAL-TIME VERTICAL SYSTEM (Cent) 


Delay Line 


Permits viewing the leading edge of triggering 
signal. 


Displayed Difference in 
Signal Delay Between 
Vertical Channels 




Externally Triggered 


60 ps, or less* 


Internally Triggered 


200 ps. or less. 



REAL-TIME HORIZONTAL SYSTEM 



Deflection Factor as 
Checked With 067-0587-02 
Calibration Fixture 


Compatible with all 7000-series plug-in 
units. 


Difference Between 
Horizontal Channels 


1%, or less. 


Linearity at 1 ms/Div 


0,05 div, or less, error at each graticule line 
after adjusting for no error at the second and 
tenth graticule lines. 


Fastest Calibrated Sweep Rate 


500 ps/div. 


Florizontal Bandwidth Referenced 
to 10 Div of 50-kHz 


Dc to at least 1 MHz (-3 dB). 


Phase Shift Between 
Vertical and Horizontal Systems 


2°, or less, from dc to at least 35 kHz. 


With Option 02 (S H0R3Z 
Compartment Only) 


2^, or less^ from dc to 1 MHz. 



DIGITIZER 



Vertical 




Acquisition Window 


From +5 div above, to -5 div below the center 
horizontal graticule line. 
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TABLE 2-1 (CONT) 

E I ectri ca I C h a racte ri sti c s 



Characteristic 


Performance Requirement 


DIGITIZER {Com) 


Vertical (cont) 




Resolution: Stored and 
Numeric Data Paths^ 


Nominally 0.0098 div. 


Noise: Numeric Data Path'' 


0,00S div or less, mean value of 100 rms 
measurements, mainframe only* 


DC Gain Accuracy as 
Checked With 067-0587-02 
Calibration Fixture, 
Referenced to 6 Div 




Stored and Numeric 
Data Paths^ 


Within 1% at temperature of calibration. 


Change With Temperature 


0.8%, or less, per 10® C, 


DC Offset 




Stored Data Path^ 


Within 0.1 div of graticule center, at 
temperature of calibration. 


Numeric Data Path^ 


Within 0.1 equivalent graticule div of zero, 
at temperature of calibration. 


Change With Temperature 


0*1 div. or less, per 10® C. 


System Bandwidth: Stored 
and Numeric Data Paths^ 


Varies with plug-in unit selected. See 
7E00-Series Oscilloscope Systems 
Specification at the end of this section; 
bandwidth shall be same specification limits 
as given for real-time operation. 


Matching To Real Time 


Real lime and acquisition system sine-wave 
amplitude response should match each other 
to within 1+[2*5(f/100 MHz)]%, where 
0 <f <400 MHz, (f in MHz). 



^ Refer to Figure 1-1 in Section 1, Introduction. 
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TABLE 2-1 (CONT) 
Electrical Characteristics 



Characteristic * 


Performance Requirement 


DIGITIZER (Com) 


Vertical {com) 




System Step Response: 
Stored and Numeric 
Data Paths^ 


Varies with plug-in unit selected. See 
7000-Series Oscifloscope Systems 
Specification at the end of this section; step 
response shall be same specification limits 
as given for real-time operation. 


Horizontal 




Acquisition Window 


From -5 div left, to +5 div right of the center 
vertical graticule line. 


Resolution: Stored and 
Numeric Data Paths' 


Nominally: 0.0098 div at 1024 P/W; 

0.0196 div at 51 2 P/W; 
0,0392 div at 256 P/W; 
0.07S4 div at 128 P/W; 


Noise: Numeric Data Path' 


0,01 div or less, mean value of 100 rms 
measurements, mainframe only. 


DC Gain Accuracy, as 
Checked With 067-05S7-02 
Calibration Fixture, 
Referenced to 6 Div 




Stored and Numeric 
Data Path' 


Within 1% at temperature of calibration. 


Change With Temperature 


0.4%, or less per 1 0^ C. 


DC Offset 




Stored Data Path' 


Within 0.1 div of graticule center, at 
temperature of calibration. 


Numeric Data Path' 


Within 0,1 equivalent graticule div of zero, 
at temperature of calibration. 


Change With Temperature 


0.1 div, or less, per 10° C. 



^ Refer to Figure 1-1 in Section 1, Introduction. 
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TABLE 2 ^ (CONTI 
Electrical Characteristics 



Characteristic 


Performance Requirement 


DIGITIZER (Cont) 


Equivalent Time Sampling 


For proper acquisitioa input signals must be 
repetitive single-vatued waveforms of the 
horizontal variable. Processor does not 
check that these conditions are met. 


Maximum Sweep Speeds for 
Single-Shot Acquisition with 


P/W 


Maximum Sweep 
Speed (/vs/div) 


7087 Time Base with Pre- 


128 


50 


trigger Acquire Clock (For 
Dual Trace Use Next Slower 
Sweep Speed) 


256 


100 


612 


200 


1024 


500 


CRT SYSTEM 


Graticule 






Type 


Internal; illuminated with variable edge 
lighting. 


Display Area 


8 div vertically by 10 div horizontally. 


Div Unit 


1 div = 1 cm. 


Phosphor 






Standard 


P31. 




Option 73 


P11, 


Photographic Writing Speed 
(With Polaroid 3000 ASA 
Film, Without Film Fogging 
P-1 1 Phosphor) 






TEKTRONIX C61 Camera. 
fl.2 Lens and 1 :0.5 
Object-todmage Ratio 


At least 2.5 cm/ns. Photograph is viewed with 
front illumination. In typical applications, P31 
phosphor has approximately one-haif the 
writing speed of P11 phosphor. 
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TABLE 2-1 {COfMT) 
Electrical Charactertstics 



Characteristic 


Performance Requirement 


EXTERNAL CONNECTORS 


Camera Power 


Front-panel 3-contact connector (on crt bezel) 
compatible with Tektronix C’50 series 
cameras. 


Bottom Pin 


Ground. 


Center Pin 


Single-sweep reset. 


Top Pin 


t15 V. 


CALIBRATOR Output 


Front-panel bnc connector. 


Wave Shape 


Square wave. 


Polarity 


Positive-going with baseline at 0 V. 


Output Resistance 


450 n. 


Output Voltage 


(Selected by front -panel CALIBRATOR 
sw itch.) 


Load >1 00 kO 


40 mV. 0.4 V. 4 V. 


Load = 50 0 


4 mV, 40 mV. 0.4 V. 


Accuracy 


Within 1%. 


Output Current 


40 mA available through CALIBRATOR output 
with a bnc-to-current loop adapter. 
CALIBRATOR switch must be set to 4 V for 
calibrated output. 


Repetition Rate 


1 .0 kHz. within 0.25%, 


Duty Cycle 


49.8% to 50.2%. 


Rise Time and Fall Time 
(100 pF maximum load) 


250 ns or Jess. 


Ground post 


Provides conveniertt user ground reference 
point on front panel. 
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TABLE 2-1 (CONT) 
Eiectrical Characteristics 



Characteristic 


Performance Requirement 


EXTERNAL CONNECTORS (Cent) 


EXTERNAL KEYBOARD 


25-pin female rear-panel connector for 
connecting an external keyboard. 


GPIB IEEE-488- 1978 


24-pin female rear-panel connector for 
connecting instrument to GPIB. Meets IEEE 
488-1978. {Not available on Option 0D). 


MEMORY BACK UP POWER 


Two rear-pane! female banana jacks. Provides 
connections for external power to maintain 
power on RAM. thereby providing non-volatile 
memory. 


Voltage Requirement 


6.0 to 6.5 V do. 


TTL SIGNAL OUTPUT 
SWL/SWH 


Rear-panel bnc connector provides TTL- 
compatible signal. 


Output Level 


Set by user commands available on the 
Waveform Calculator. 


SWL Command 


Selects low level output (between 0 V and 
4-0.8 V). Maximum current sink is 16 mA. 


SWH Command 


Seiects high level output (between -P2.4 V and 
+ 5.0 V), Maximum current source is 2.6 mA. 


-h SAWTOOTH OUT 


Rear-panel bnc connector. 


Polarity 


Positive-going with baseline at 0 V, within 1 V. 
into 1 Mf] load. 


Output Voltage 


10 V maximum. 


Rise Time Into 50 


50 mV/unit-of'time. selected by the time-base 
unittime/div switch, within 15%; I00ns/div 
maximum. 


Rise Time Into 1 Ml] 


1 V/unit-of-time, within 10%, selected by the 
time-base unit time/div switch; 1 /is^div 
maximum. 


Output Resistance 


Approximately 950 11. 
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TABLE 2-1 (CONT) 
Electrical Characteristics 



Characteristic 


Performance Requirement 


EXTERNAL CONNECTORS (Cont) 


+GATE OUT 


Rear-panel bnc connector. 


A Gate 


Derived from A HORIZ time- base unit 
main gate. 


B Gate 


Derived from 6 HORIZ time-base unit 
main gate. 


Dly'd Gate 


Derived from A HORIZ time-base unit 
delayed gate. 


Polarity 




A or B Gate 


Positive-going with baseline at 0 V, within 
1.0 V, into 1 MQ load. 


A Dly'd Gate 


Pos iti ve level whe n Atime-base de layed sweep 
or B sweep is enabled; 0 V, within 1 .0 V, into 
1 MO load, when sweeps are disabled. 




Output is positive when no plug-in is used or 
when plug-in does not provide delay gate. 


Output Voltage 


10 V maximum. 


Into 50 O Load 


0.5 V, within 10%. 


Into 1 MO Load 


10 V, within 10%, (up to 1 ^s/div). 


Rise Time Into 50 O 


20 ns or less. 


Output Resistance 


Approximately 950 O. 


SIGNAL OUT 


Rear-panel bnc connector selected by 
A TRIGGER SOURCE switch. 


Source 


Same as A TRIGGER SOURCE. 


Output Voltage 


±1 5 V maximum. 


Into 50 Q Load 


Approximately 25 mV/div of vertical 
deflect ion. 
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TABLE 2-1 (COIMT) 
Electrical Characteristics 



Characteristic 


Performance Requirement 


EXTERNAL CONNECTORS (Cont) 


SIGNAL OUT (cent) 




Output Voltage |cont) 




Into 1 MO Load 


Approximately 0.5 V/div of vertical 
deflect ion. 


Bandwidth Into 50 0 
Load {-3 dB) 


Varies with vertical plug-in selected. See 
7000-Series Oscilloscope Systems 
Specifications at the end of this section. 


DC Centering 


0 V, within 1 V, into 1 MO load. 


Aberrat ions 


1 5% p-p, or less, within 50 ns of step. 


Output Resistance 


Approximatelv 960 0. 


Z^AXtS INPUT 


Rear-panel bnc connector. 


Polarity and Sensitivity 


+2 V provides complete blanking from 
maximum intensity condition; -2 V 
provides complete unblanking from minimum 
intensity condition. 


Low- Frequency Lirnit 


Dc. 


Input Resistance 


Approximately 470 O. 


Input Capacitance 


Less than 60 pF. 


Open Circuit Voltage 


Approximately 0 V. 


Maximum Input Voltage 


1 5 V (dc plus peak acL 


Maximum Repetition Rate 


1 MHz. 


SINGLE SWEEP RESET 


Rear-panel bnc connector. 


Input 


Input to reset single-sweep function of 
time-base units installed in A and B HORIZ 
compartments. 
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TABLE 2-1 (CONT) 
Electrical Cliaracteristics 



Charactanstic 


Performance Requirement 


EXTERNAL CONNECTORS (Cont) 


SINGLE SWEEP RESET (cont) 
Signal Required 


Closure to ground {or switching from the 
high level to the low level in less than 1 ms) 
resets the sweeps 


High Level 


+50 V to +1 0 V, sink less than 40 


Low Level 


+0.5 V to -5 V, sink less than 10 mA. 


Minimum Pulse Width 


1 0 /iS at 50% amplitude points. 


Maximum Input Voltage 


+50 V to -5 V {dc plus peak ac). 


AC Power Input 


3- pin male connector. 



GPIB INTERFACE 



Functions Implemented 
(As Per IEEE 488-1978) 


Description: 


SHI 


Complete Source Handshake. 


AH1 


Complete Acceptor Handshake. 


T5 


Talk Function, 


L3 


Listen Function, 


SRI 


Complete Service Request Capability. 


RL1 


Complete Remote/Local Capability. 


PP0 


No Parallel Poll Capability. 


DC1 


Complete Device Clear Capability. 


DTI 


Complete Device Trigger Capability. 


C0 


No Controller Capabitity. 
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TABLE 2-1 {CO NT) 
Electrical Characteristics 



Characteristic 



Performance Requirement 



COMMAND ACCURACY 



NOTE 



AU keyboard commands not listed beiow do not contfibute accuracy 
errors, with exception of the ^VCRD command. Refer to Section 9, 
Command Language, for additional information. 



Waveform Functions 




Arithmetic Functions 




SORT 


Accurate to 4 significant digits 


LN 
EXP 
SGN 
+, - /* 


±(6 • 1 0 “) . (VSCL). 


Cursors Functions 




HCRD 


Accurate to 4 significant digits 
±(6 (HSCL). 


VCRD 


Accurate to 4 significant digits 
±(6 • 1 0'^) • (VSCL). 


Data Storage Functions 




PNT 


Accurate to 4 significant digits 
±(6 (VSCL). 


>PNT 


Accurate to 4 significant digits 
+(6 •10'“)* (VSCL). 


Wfm Functions 




ORD 


Accurate to 4 significant digits 


SMOOTH 

□IFF 

ITRP 

INTO 


±(6 • 10'^) - (VSCL). 



2 11 



S peciiication — 7854 



TABLE 2-1 {CONT) 
Etectrical Characteristics 



Characteristic 


Performance Requirement 


COMMAND ACCURACY (Cont) 


Waveform Functions (cont) 

Wfm Functions (cont) 
>ORD 


Accurate to 4 significant digits 
±(6 10'^)* (VSCL), 

If autoscaling occurs, all waveform points 
are rescaled to: ±(6 * 10""^) * (VSCL). 


Wfm Parameters 

MAX 

MIN 

P P 

MID 

MEAN 

RMS 


Accurate to 4 significant digits 
±(6 • 1 0'^) (VSCL). 


ENERGY 


Accurate to 4 significant digits 
t(6 (VSCL^)»(HSCL). 


AREA 


Accurate to 4 significant digits 
±(6 » 1 0'^) (VSCL) * (HSCL). 


FREQ 


Accurate to 4 significant digits 
±(6 • 10“)« (HSCL). 


DELAY 

WIDTH 

RISE 

FALL 

PER 


Accurate to 4 significant digits 
i(6 •10-“). (HSCL). 


Wfm Scaling Functions 

VZR 

VSCL 

>VSCL 


Accurate to 4 significant digits 
±(6 • 1 0-^) • (VSCL). 
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TABLE 2 1 (CONT) 
Electrical Characteristics 



Characteristic 


Performance Requirement 


COMMAND ACCURACY (Cont) 


Waveform Functions (cont) 




Wfm Scaling Functions (cont) 




HSCL 


Accurate to 4 significant digits 


•HSCL 


+(6 *10'^)*(HSCL), 


>VZR 


Accurate to 4 significant digits 


VXPD 


+{6*10')*(VSCL). 


Constant Functions 




Arithmetic Functions 




SORT 


Accurate to 4 significant digits. 


LN 




EXF 




^ f * 





POWER SOURCE 



Voltage Range (AC, RMS) 


Selected by rear- pan el LINE VOLTAGE 
SELECTOR switch. 


115V Range 


From 90 to 132 V. 


230 V Range 


From 1 80 to 250 V. 


Line Frequency 


From 48 to 440 Hz. 


Maximum Power Consumption 


230 W, nominal. 


Maximum Current 


3.5 A at 60 Hz, 90 V line. 
1,8 A at 60 Hz, 180 V line. 


Fuse 


4 A fast-blowing type. 
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TABLE 2 1 (CONT) 
Electrical Characteristics 



Characteristic 


Performance Requirement 


WAVEFO 


RM CALCULATOR 



Keyboard 

Controls 


An array of key switches which allows the user 
to execute commands; depressing a key issues 
a command to the processor (except in the 
GPIB Remote mode). 


External Connector 


25-pin male connector on 56 inch (±3 inches} 
cable for connecting the keyboard to the 
mainframe. 



TABLE 2 2 

Environmental Characteristics 



Characteristic 



Information 



NOTE 



This instrument wiU meet the ehctrica! characteristics given in the 
Performance Requirement coiumn of Table 2-1 over the foiiowing 
environmental limits {unless otherwise stated in Table 2- 7). 



Temperatu re 




Operating 


0^ to +50° C. 


Nonoperating 


-55° to +75° C. 


Altitude 




Operating 


5 KM (15,000 ft). 


Nonoperating 


15 KM (45,000 ft). 
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TABLE 2 2 {CONT) 
Environmental Characteristics 



Characteristic 


Information 


EMC (Eiectromagnetic 
Compatibility, Option 3 Only) 

Without External Keyboard 


Meets requirements of MIL-STD-461 A, when 
tested in accordance with the following test 
methods given in MIL-STO-462: 

CE-01, CE-03, CS-01, CS-02, CS 06. RE-02 
(limited to 1 GHz), (T) RE-0H, RS-01 andRS-03 
(limited to 1 GHz). 


With External Keyboard 
Connected 


Same as above, except delete RE-02. 


Vibration 

Operating and Nonoperating 


Tested to MIL-T-28800B, SECT. 4.5.5 3H 
Type 2. Class 5, Style E & F. 


Shock 

Nonoperating 


Tested to MIL^T-28800S. SECT. 4,8,5.41 
Type 2. Class 5, Style E & F. 


Bench Handling 


Tested to MIL-T-28S00B, SECT, 4,5 5.4.4 
Type 2, Class 5, Style E & F. 


Transportation 


National Safe Transit Assoc., Pre-Shipment 
Test procedure. 


Vibration of Packaged 
Product 


NSTA. Project 1 A-B-1, 


Drop of Packaged Product 


NSTA. Project 1 A-B-2. 
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TABLE 2-3 

Physical Characteristics 



Characteristic 


Information 


Net Weight 




Mainframe (Without Plug-Ins) 


19.0 Kg (42.0 lbs). 


Waveform Calculator 


1.14 Kg (2.5 lbs). 


Overall Dimensions 




Mainframe 


Refer to Figure 2-1 . 


Waveform Calculator 


Refer to Figure 2-2. 


Ventilation 


Safe operating temperature maintained by 
electronicaHy driven dc fan. Automated 
resetting, thermal cutout switch protects 
instrument from overheating. 


Finish 


Anodized front panel. Blue vinyl painted 
aluminum cabinet. 



Figure 2-1. 7854 Mainframe dimensional drawing. 
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FigurE^ 2-2. 7854 Waveform Calculator dimensional drawing. 
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NOTE: 

1 , DIMENSIONS ARE GIVEN WITH TOP FIGURE 
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2. INTERCONNECTING CABLE LENGTH IS 56 INCHES (WITHIN 3 INCHES). 
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PACKAGING AND ACCESSORIES 



Before packaging the 7354 Oscilloscope for shipment thoroughly read the following 
instructions. 



PACKAGING FOR SHIPMENT 

If this instrument is to be shipped for long distances by commercial transportation, it 
is recommended that the instrument be packaged in the original manner. The 
cartons and packaging material in which your instrument was shipped should be 
saved and used for this purpose. 

Also, if this instrument is to be shipped to a Tektronix Service Center for service or 
repair, attach a tag to the instrument showing the following: Owner of the 
instrument {with address), the name of a person at your firm who can be contacted, 
and the complete instrument type and serial number. Also, list the Diagnostic 
Firmware number, and the Signature Table number {indicated on the rear-panel 
SERVICE IDENTIFICATION tag). Provide a description of the service required. 

If the original packaging is unfit for use or not available, package the instrument as 
follows: 

1 . Obtain a corrugated cardboard carton with a 375 pound test strength (for the 
mainframe} or a 200 pound test strength (for the Waveform Calculator), and 
having inside dimensions of no less than six inches more than the instrument 
dimensions; this allows for cushioning. 

2. Surround the instrument with polyethylene sheeting to protect the finish, 

3. Cushion the instrument on all sides by tightly packaging dunnage or urethane 
foam between the carton and the instrument, allowing three inches on all sides. 

4. Seal the carton with shipping tape or with an industrial stapler, 

5. Mark the address of the Tektronix Service Center and your return address on the 
carton in one or more prominent locations. 



STANDARD ACCESSORIES 



1 ea Operators Manual 070-2873-00 

1 ea Service Manual 070*2874-00 

1 ea Power Cord 1 6 1 -0066-00 

1 ea Bnc-to-Bnc Cable 01 2-0208-00 



For more detailed information, refer to the tabbed Accessories page at the rear of 
the 7854 Service Manual. 
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7000-SERIES OSCILLOSCOPE 
SYSTEMS SPECIFICATION 



Your TEKTRONIX 7854 Oscilloscope system provides exceptional flexibility in 
operation with a wide choice of general- and special-purpose plug-in units. Usage 
of a plug-in unit can be determined by the type number as follows: 

The first digit (7) denotes the oscilloscope system for which the plug-in is designed 
(7000-series)* 

The second letter describes the purpose of the plug-in unit: 

A — Amplifier unit 

B — "Real Time" time-base unit 

C — Curve tracer 

D — Digital unit 

L — Spectruni analyzer 

M — Miscellaneous 

S — Sampling unit 

T — Sampling time-base unit 

The third and fourth digits of the p!ug-in type number do not carry any special 
connotation. 

An "N" suffix letter added to the normal four-digit type number identifies a unit not 
equipped with the circuity necessary to encode data for the 7000-series readout 
system: therefore, scale factor information cannot be acquired by the 7854 from 
these types of plug-ln units* 

Table 2-4 lists the horizontal specifications which are system dependent* For more 
complete specifications on plug-in units for the 7000-series oscilloscope system, 
refer to the Tektronix Products catalog. 

Table 2-5 lists the vertical specifications which are system dependent. For more 
complete specifications on ptug-in units for the 7000-series oscilloscope system, 
refer to the Tektronix Products catalog. 

The 7854 Oscilloscope is compatible with Tektronix 7000-series plug-in units with 
the exceptions listed in Table 2-6. 
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(© TABLE 2-4 

7854 Honzontal System Specifications 



Time- Base 
Unit 


Performance 

Feature 


Maximum Calibrated 
Sweep Rate; 
Real-Time and Stored 
Data Paths^ 


Internal Triggering 
Frequency Range 


7B10 


Delayed Sweep 


500 ps/div 


Dc to 400 MHz 


7B15 


Delaying Sweep 


500 ps/div 


Dc to 400 MHz 


7B70 


Delayed Sweep and 
Ext Amplifier 


2 ns/div 


Dc to 200 MHz 


7B71 


Delaying Sweep 


2 ns/div 


Dc to 200 MHz 


7B80 


Delayed Sweep 


1 ns/div 


Dc to 400 MHz 


7685 


Delaying Sweep 


1 ns/div 


Dc to 400 MHz 


7B87 


Pretrigger Acquire 
Clock 


1 ns/div 


Dc to 400 MHz 


7B92A 


Display Switching 


500 ps/div 


Dc to 400 MHz 



’Refer to Figure 1-1h in section 1, for definition of Data Path terms. 
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TABLE 2-5 

7854 Vertical System Specifications 



Amplifier 

Plug-In 

Unit 


Real-Time and Stored Data Paths^ 


VERT SIG OUT 


Probe 


Bandwidth 

(MHz) 


Rise Time 
(ns) 


Accuracy 
0^ to +50"^ C 


BW 

(MHz) 


Tr 

(ns) 


EXT CAL 


INT CAL 


7A11 


Integrai 


200 


1.S 


2 


3 


135 MHz 


2.6 ns 


7A12 


None 


105 


3.4 


2 


3 


1 05 MHz 


3.4 ns 


P6053B 


3 


4 


7A13 


None 


100 


3.5 


1.5 


2.5 


100 MHz 


3.5 ns 


P6053B 


P6055 


65 


5.4 


65 MHz 


5.4 ns 


7A14 


P6021 


55 


6.4 


2 


3 


50 MHz 


7.0 ns 


P6022 


110 


3.2 


100 MHz 


3.5 ns 


7A1 5A/N 


None 


80 


4.4 


2 


3 


70 MHz 


5.0 ns 


P6053A 


3 


4 


7A16A 


None 


200^ 


1.8" 


2 


3 


135 MHz 


2.6 ns 


P60538 


3 


4 


7A17 


None 


150 


2.4 




— 


15 MHz 


24 ns 


7A18 


None 


75 


4.7 


2 


3 


70 MHz 


5.0 ns 


P6053B 


3 


4 


7A19 


None 


400=^ 


0.9" 


3 


4 


235 MHz 


1 .5 ns 


P6056 


4 


5 


P6057 


P6201 


375^ 


1.0" 
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7A19(10 

mV/Div 

Only) 


None 


325 


1,1 


3 


4 


235 MHz 


1 ,5 ns 


P6056 

P6057 


4 


5 


P6201 


300 


1.2 


7A22 


None or 
Any 


1 MHz 
(within 10%) 


350 

(within 9%) 


2 


3 


1 .0 MHz 
±1 0% 


350 ns 
±9% 


7A24 


None 


300^ 


1,2^ 


2 


3 


135 MHz 


2*6 ns 


P6056 

P6057 


- 


- 


3 


4 


P6201 


275^ 


1.3^ 


7A26 


None 


180^ 


1 .9^ 


2 


3 


135 MHz 


2*6 ns 


P6053B 


3 


4 


7A29 


None 


400^ 


0.9^ 


2 


3 


235 MHz 


1 ,5 ns 


P6056 

P6057 


3 


4 


P6201 


350^ 


1.0^ 



Deflection Factor accuracy i& checked as follows: 

EXT CAL 0“ to +50“ C: Plug-m gain set at a temperature within 10'^ C of operating temperature, using an external calibrator with accuracy 
within 0,25%. 

I NT CAL 0® to +50° C: Plug-in gain set using the oscilloscope calibrator (within 10° C of the operating temperature} in a temperature range 
between 0“ and +50° C. 

^System temperature range from 0° to +35° C; derate 10% from +35° to +50° C. 

^Refer to Figure 1-1, in section 1, for definition of Data Path terms. 
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TABLE 2-6 

78B4 Plug-In Incompatibilities 



Plug-In 


Operating 


Symptoms 


Cause 


Unit 


Conditions 







VERTICAL AMPLIFIER UNITS 



7A21N 


All operating 
conditions. 


Unable to elect- 
rically and mech- 
anically connect 
7A21N to 7854. 


1 . Delay-line out- 
put coaxial cable 
too short. 

2. Delay-line out- 
put coaxial cable 
shorted together and 
connected to +5 volt 
supply on 7A21 N 
board. 








3, Harmonics con- 
nector for regulated 
supplies is wired 
differently on 7854. 








4. Monitoring hole 
alignment is off. 


7A18 

7A24 

7A26 


Plug-in chop. 


7854 will not 
acquire any wave- 
forms. 


7854 logic does not 
allow AQR when plug- 
in unit is in chop mode. 



HORIZONTAL AMPLIFIER UNITS 



7B70 

with 

7B71 


B starts after 
delay. 

B trlggerable 
after delay. 


Retrace when 
delayed sweep is 
delayed beyond 
end of delaying 
sweep. 


Too much delay 
between 7B71 delay 
gate and 7670 
sweep gate. 


7B50 


All operating 


Leading edge of 


7854 delay line 


7B51 


conditio ns. 


internally triggered 


length. 


7B52 




waveform cannot 




7B53A 




be viewed. 
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7854 Plug- In Incompatibilities 



Plug-In 


Operating 


Symptoms 


Cause 


Unit 


Conditions 







HORIZONTAL AMPLIFIER UNITS (Cont) 



7B50 

7B51 

7B70 

7B71 


7854 HORIZONTAL 
MODE in ALT 
with both hori£- 
ontal time-base 
units set for 
single-sweep op- 
eration. 


Only one time 
base will reset. 


7854 alternate sweep 
switching logic locks 
out one time base; 
these time-base 
units do not reset 
when locked out. 


7B10 


Delayed sweep. 


Displayed traces 


The 7854 considers 


7B15 


A time mode, 


mixed together. 


both waveforms to 


7B80 

7B85 


in 7854 B HORIZ- 
ONTAL MODE. 




be one. 


7B92 


Delayed sweep 


Displayed traces 


Not a valid AQR 


7B92A 


mode with both 
traces displayed. 


mixed together. 


mode, since the 7854 
considers both wave- 
forms to be one. 

The delaying sweep 
or the delayed sweep 
may be acquired as 
iong 3S only one 
sweep is displayed. 



SAMPLING UNITS 



7T11 ' 


AH operating 
conditions. 


7T1 1 will not 
alternate with 
other sweep plug- 
in units. 


7T1 1 does not 
generate hoidoff 
pulses. 




Waveform acqui- 
sition with the 
7854. 


7854 will not 
finish an AQR. 
Unable to perform 
AVG or GND 
commands. 


7T1 1 does not 
generate hoidoff 
pulses. 


7S12 


7S1 2 set for 

single-scan 

operation* 


7S1 2 will not 
start by remote 
or camera reset 
connectors. 


7S 1 2 does not 
provide single-sweep 
reset. 



1 The 7T1 1A does geherate hoidoff pulses and is therefore compatible. 
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TABLE 2-6 {CONTJ 
7854 Plug-In IncompatibMities 



Plug-In 

Unit 


Operating 

Conditions 


Symptoms 


Cause 


SAMPLING UNITS (Cent) 


7S14 


7S14 in dual 
traesn waveform 
AQR with the 
7854. 


7854 acquires 
both traces as 
one waveform. 


7S1 4 sends no 
multiple waveform 
information to the 
7854, 


DIGITAL UNITS 


7D12 


7012 vertical 
display on. 


7854 may indicate 
an AQR ERROR 
when the wave- 
form is acquired. 


7D1 2 alt/chop 
switch setting 
incorrect. Refer 
to 7D12 manual. 


LOGIC ANALYZER UNITS 


7D01 

7D02 


Waveform acqui- 
sition (AQR) with 
the 7854. 


Unable to acquire 
usable waveform 
or readout. 


Multiple traces and 
incompatible readout 
format. (Use 7001 / 
7D02/7854 as 
conventional scope 
system only.) 



SPECTRUM ANALYZER UNITS 



7L13 


7L1 3 set for 
single- sweep 
operation. 


7L1 3 will not 
start by remote 
or camera con- 
nector. 


7L1 3 does not 
provide single- 
sweep reset. 


7L5 


7L5 set for non- 
storage mode with 
manual or normal 
sweep. 


Single- sweep 
reset causes 7L5 
to operate in 
single-sweep mode. 


7L5 control logic. 




7854 waveform 
acquisition (AQR) 
in any 7L5 mode. 


7854 will not 
acquire any 7L5 
waveforms. 


7L5 uses vertical 
plug-in chop which 
the 7854 will not 
acquire. (Custom 
modification available 
to resolve this 
problem.) 



@ 
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TABLE 2-G (CONT) 

7854 Plug-In Incompatibilities 


Plug-In 

Units 


Operating 

Conditions 


Symptoms 


Cause 


SPECTRUM ANALYZER UNITS (ContJ 


7L18 


7L18 stored wave- 
form mode. 

7854 waveform 
acquire {AQR) 
mode. 


7854 acquires 
both traces as 
one waveform. 


7L1 8 does not 
send multiple wave- 
form data to the 
7854, (Custom 
modification available 
to eliminate cursor 
trace.) 




7L18 set to non- 
store mode with 
manual or normal 
sweep . 


Single- sweep reset 
causes 7L1 8 to 
operate in single^ 
sweep mode. 


7L1 8 logic. 


SPECIAL PURPOSE 


7CT1N 


Waveform acqui- 
sition with the 
7854. 


7854 Acquires 
all curve tracer 
steps as one 
waveform. 


7CT1 N sends no 
multiple waveform 
information lo the 
7354. 



General Operating 
Information 

Information in ihis section of the manual applies in all operating modes of the 7S54 
Oscilloscope and includes information on: 

1. The display graticule; 

2. The light fitter; 

3. Care of the crl screen; 

4. Control illumination; 

5. Readout imensity; 

6. Display focus and horizontal trace alignment; 

?. The 7354 output signals; and 

8- Display photography. 
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DISPLAY GRATICULE 

The display graticule is marked on the inside of the crt faceplate to provide accurater 
parallax-free visual display measurements. The display graticule is divided into eight 
vertical and ten horizontal divisions. The vertical gain and horizontal timing of the 
plug-in units are calibrated to the graticule markings so that accurate 
measurements can be made from the crt display. The illumination of the graticule 
lines can be varied with the GRAT ILLUM control. Figure 3-1 shows the display 
graticule and defines the various markings provided to aid visual measurements of 
the display* The terminology defined on the illustration will be used in all 
discussions involving the display graticule. 
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Figure 3-1. Definition of graticule markings. 



LIGHT FILTER 

The tinted crt faceplate filter minimizes light reflections from the face of the crt. This 
will improve the contrast when viewing the display under high ambient light. The 
light filter may be removed for crt photography* To remove the filter, pull outward on 
the bottom of the plastic crt mask and remove it from the crt bezel. Remove the 
tinted filter; leave the clear plastic implosion shield installed, and replace the mask. 
The implosion shield should be left in place at all times to protect the crt face from 
scratches. 



WARNING 






Do not remove the dear pfastfc fmp/osfon shield covering the crt 
fa cep fate: the crt imphsior} shiefd provides protection to the operator 
from crt imp/osion. 



3-1 



General Operating Information— 7854 



An optional mesh filter is available from Tektronix, Inc. (included with Option 3). 
This filter provides shietding against electromagnetic radiation from the face of the 
crt. The mesh filter fits in place of the plastic tinted filter and plastic crt mesh and 
also serves as a light filter. Order the mesh filter by Tektronix Part 378-0603*00. 



CARE OF CRT SCREEN 

To prolong the useful life of the crt phosphor, always use the minimum display 
intensity necessary to produce a dear, well-defined display and avoid repeated or 
prolonged use of the same area of the crt. If a particular display is to be observed for 
an extended period of time, change the position occasionally to use other portions of 
the display area. 



CONTROL ILLUMINATION 

The CONTROL ILLUMINATION switch, on the rear panel of the oscilloscope 
mainframe, sets the illumination level of the A and 8 TRIGGER SOURCE switches 
and of the lighted pushbutton switches on the plug-in units. The available positions 
are OFF, MEDIUM, and HIGH, The CONTROL ILLUMINATION switch does not affect 
the function or intensity indicators (such as BUSY, SRQ. and S), or the tights of the 
VERTICAL MODE and HORIZONTAL MODE selectors. 



READOUT INTENSITY 

The READOUT control determines the intensity of only the alphanumeric portion of 
the display, independently of the displayed waveforms. This control is functional in 
all display modes. The readout system is inoperative when the READOUT control is 
in the fully counterclockwise OFF position. This is desirable when the top and 
bottom divisions of the graticule are needed for waveform display, or when the real- 
time trace interruptions necessary to display the characters interfere with the 
displayed waveforms. 



DISPLAY FOCUS 

The 7854 Oscilloscope contains an automatic focusing circuit which maintains 
optimum focus for all intensity settings once a correct setting of the FOCUS control 
is established. The easiest way to obtain the correct setting of the FOCUS control is 
by focusing the characters of the readout display. First set the READOUT control so 
that the displayed characters are clearly visible, then adjust the FOCUS control for 
best definition of the character display. 
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ASTIGMATISM-FOCUS ADJUSTMENT 

If a well-defined display cannot be obtained with the FOCUS controL use the 

following procedure to set the front- panel ASTIG adjustment. 

NOTE 

To check for proper setting of the ASHG adjustment sfowfy turn the 
FOCUS control through the optimum setting. If the ASTIG adjustment 
is correctly set, the vertical and horizontal portions of the display will 
focus at the same position of the FOCUS control. This setting of the 
ASUG adjustment should be correct for any display. 

1. Install an amplifier unit in the LEFT VERT compartment and a time-base unit in 
the A HORIZ compartment. 

2. Set the 7854 Oscilloscope for SCOPE mode by pressing the \ SCOPE") key on 
the measurement keyboard. Set the VERTICAL MODE switch to LEFT and the 
HORIZONTAL MODE switch to A. if necessary. 

3. Connect the output of a sine-wave generator to the input of the amplifier unit. 
Set the sine-wave generator repetition rate to 1 kilohertz and the vertical 
amplifier deflection factor for a 2-dlvision display. 

4. Set the time-base unit sweep rate for 0.2 miElisecond/division and the triggering 
for a stable display. Set the A INTENSITY control so the display is at a usable 
intensity level (about midrange). 

5. Turn the FOCUS control fully counterclockwise and set the ASTIG adjustment to 
midrange. 

6. Set the FOCUS control so the thickness of the sine wave is as thin as possible. 

7. Adjust the ASTIG adjustment so the thickness of the sine wave is as thin as 
possible. 

8. Repeat steps G and 7 for the best overall focus and consistent trace width. 



HORIZONTAL TRACE ALIGNMENT 

The TRACE ROTATION control allows the trace to be aligned with the horizontal 
graticule tines. To set the control, position the real-time trace (with no input signal 
applied to the selected amplifier plug-in unit) to the center horizontal line and adjust 
the TRACE ROTATION control so that the trace is parallel with the center horizontal 
graticule line. 



@ 
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CALIBRATOR OUTPUT 

The CALIBRATOR provides a convenient signal for checking basic vertical gain and 
sweep tinning, and is also useful for adjusting probe compensation as described in 
probe instruction manuals* 

Accurate output voltages of 40 millivolts, 0,4 volt, and 4 volts into high-impedance 
loads are provided from the CALIBRATOR, In addition, 4 millivolts, 40 millivolts, and 
0.4 volt are provided to drive 50-ohm loads. The current loop accessory (Tektronix 
Part 01 2-0341 -00) provides a 40-milliampere output current (with CALIBRATOR set 
for 4-voll output), which can be used to check and cafibrate current-measuring 
probe systems. The current signal is obtained by clipping the probe around the 
optional current loop accessory. 

The repetition rate of the CALIBRATOR is 1 kilohertz. The calibrator circuit uses 
frequency-stable components to maintain accurate frequency and a constant duty 
factor. Thus the signai can also be used for checking the basic sweep timing of the 
time-base units (1 -kilohertz rate only). 

The square-wave output signal can be used as a reference wave shape when 
checking or adjusting the compensation of passive, high-resistance probes. The 
square wave from the CALIBRATOR has a fiat top; therefore, any distortion in the 
displayed waveform is due to the probe compensation. 



SIGNAL OUTPUTS 

Three bnc connectors on the rear panel of the 7854 Oscilloscope mainframe provide 
output signals for the user. 

+ SAWTOOTH OUT 

The + SAWTOOTH OUT connector provides a positive-going sawtooth signal from 
either the time-base unit installed in the A HORIZ or from the time-base unit 
installed in the B HORIZ compartment, regardless of the display mode selected. 



WA RNf NG 



Jo avoid electric shock hazards, onl^ qualified service ^ersetmef should 
inter naiiy modify the operation of this instrurr^ent. 



Selection of either the A HORIZ or B HORIZ compartment as the source of the 
+ SAWTOOTH OUT signal is possible. Refer such selection to qualified service 
personnel only. The unit of time for the sawtooth output is determined by the 
setting of the time/division switch of the appropriate time- base unit. Refer to 
Table 2-1, in the Specification section, for specific signal parameters. 
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+ GATE OUT 



W4 RNfNG 



To avoid electric -shock hazards, onty qualified service personnel should 
internally modify the operation of this instrument. 

The + GATE OUT connector provides a positive-going rectangular pulse which is 
derived from a time-base unit installed in either horizontal compartment, regardless 
of the display mode selected. The + GATE OUT signal can be selected from either 
the A HORIZ compartment or the B HORIZ compartment* Refer such selection to 
qualifed service personnel only. The duration of the + GATE OUT signal is the same 
as the duration of the respective sweep, or in the case of the delayed gate, will start 
at the end of the delay period and last until the end of the sweep from the delaying 
time-base unit* The amplitude of the ^ GATE OUT signal is about 0.5 volt into a 50- 
ohm load, or about 10 volts into a 1 -megohm load* 



SIGNAL OUT 

The SIGNAL OUT connector provides a sample of the real-time vertical deflection 
signal from the LEFT VERT or RIGHT VERT amplifier plug-in unit regardless of the 
display mode selected* The source of the signal at this connector is determined by 
the A TRIGGER SOURCE switch* With the A TRIGGER SOURCE switch in the VERT 
MODE position, the output signal is determined by the setting of the VERTICAL 
MODE switch. If the VERTICAL MODE is in LEFT or RIGHT, the output signal is 
obtained oniy from the trigger source of the selected vertical unit. In the ALT vertical 
mode, the SIGNAL OUT switches between the trigger signals from the two vertical 
units* However, due to the requirements of the triggering system, the output signal 
in the CHOP vertical mode is a composite signal (the algebraic sum of the trigger 
signals) as is obtained in the ADD vertical mode* The LEFT VERT and RIGHT VERT 
positions of the A TRIGGER SOURCE switch are independent of the vertical mode 
selected, and therefore provide the vertical trigger output signal only from the 
selected vertical unit {even though the verticat unit may not be selected for display). 



The amplitude of the SIGNAL OUT into a 50-ohm load is about 25 millivolts/division 
of crt display, or about 0.5 volt/division of crt display into a 1 -megohm load. See 
Table 2-1 in the Specification section of this manual. 



DISPLAY PHOTOGRAPHY 

A permanent record of the crt display can be obtained with an oscilloscope camera 
system* The instruction manual for the Tektronix Oscilloscope Camera includes 
complete instructions for obtaining waveform photographs. 
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The crt bezel provides integral mounting for Tektronix Oscilloscope CameraSn The 
three pins located on the left side of the crt bezel connect power to compatible 
camera systems. Control signals are also received from Tektronix automatic 
cameras to allow camera-controlled single-shot photography {see the camera 
manual for further information)^ 

If the alphanumeric portion of the display is to be included on waveform 
photographs, the following suggestions will aid in obtaining good photographs: 



1 . Focus the oscilloscope display and the camera on the alphanumeric portion of 
the crt display. The auto-focus feature in this instrument will help to maintain 
the traces at optimum focus. 

2. Set the READOUT control for the minimum intensity setting that allows the 
alphanumeric characters to be written. This normally occurs at a slightly lower 
intensity level than is necessary for complete writing of the waveform display. 
Some experimentation may be necessary to establish the correct level. Too high 
a setting of the READOUT control will result in a broads poorly defined 
photograph of the alphanumeric display. 
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Scope Display Mode 
Information 

In the SCOPE display mode only the real-time waveforms and readout are displayed 
on the crt screen. The capabilities of the 7854 Oscilloscope in this mode depend 
mainly upon the plyg-In units selected for use with the mainframe. All 7A-series 
vertical amplifier plug-in units can be used with the 7854 Oscilloscope. Bandwidth 
and sensitivity ranges should be taken Into consideration when selecting amplifier 
units. Time-base units of the 7B10-, 7B60-, and 7B90-series are also compatible 
with the 7854 Oscilloscope. Sweep rates and triggering ranges should be 
considered when selecting time-base plug-in units. In addition, several special 
purpose plug-in units are available to allow the 7854 to be used for many 
specialized applications. See the Tektronix Products catalog for further information. 
Specific applications for the 7854 are not given in this manual. Contact your 
Tektronix Field Office or representative for assistance in making specific 
measurements. 

AU keys on the 7854 keyboards are active in the SCOPE display model however, the 
resuHs of pressing a key wiU not be apparent. 

Information given in this section of the manual applies only to real-time waveform 
and readout displays and includes: 

1. Obtaining a scope display: 

2. The real-time A and 8 INTENSITY controls: 

3. 2-Axis modulation; 

4. Using the BEAMFINDER; 

5. The real-time readout display; 

6. The vertical and horizontal mode combinations; 

7. Vertical trace separation; 

8. Intensity contrast; 

9. Trigger source selection; and 

10. The real-time functions checkout procedure. 
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OBTAINING A SCOPE DISPLAY 

To obtain a SCOPE {real-time} display, first connect the 7854 Oscilloscope 
mainframe {POWER switch off) to a power source that meets the voltage 
requirements of the instrument. If the available line voltage is outside the setting 
limits of the LINE VOLTAGE SELECTOR switch {on the rear panel), set the LINE 
VOLTAGE SELECTOR to the appropriate^ setting. 

NOTE 

This exercise will be referred to from other sections of this manuaf as 
you team the greater capatitities of the 7854 Oscithscope. flagging 
this page may be usefuf. 



1 . Set the front-panel controls as follows: 



GRAT ILLUM 

READOUT 

STORED INTensity. 

A INTENSITY 

FOCUS 

B INTENSITY 

POWER 

CALIBRATOR 

VERTICAL MODE 

A TRIGGER SOURCE 

HORIZONTAL MODE 

VERT TRACE SEPARATION (B) 

B TRIGGER SOURCE 

GPIB ADDRESS SELECTOR ... 



Cou nterciockwise 
. , . Quarter range 
Co u nte r c I o ck vy i se 
Cou nterciockwise 
........ Midrange 

Counterclockwise 

Off 

.... 4 V 

. LEFT* 

.... VERT MODE 

B* 

Midrange 

. VERT MODE 

OFF line 



*These controls are automaticatty set to the specified positions as a power-up condition. 
See Power-Up Conditions in Section 1. Introduction. 



2. Install Tektronix 7A-series amplifier units in the LEFT VERT and RIGHT VERT 
compartments, and Tektronix 7B-series time-base units in the A HORIZ and B 
HORIZ compartments. 

3. Press the POWER switch to the on {locked in} position. Notice that the 
oscilloscope will go through the automatic verification sequence described in 
section 1 under Power-Up Conditions, 



4. Set both time-base units to 0.5 manisecond/division and triggering to auto mode 
with ac coupling from the internal source. 



@ 



4-1 



Scope Display Mode information— 7854 



5* Rotate the B INTENSITY control until the trace is at a desirable viewing level 
(about quarter range). 

6. Connect the CALIBRATOR output to the channel 1 input of the LEFT VERT 
amplifier unit with a 42-inch bnc cable. 

7. Set the deflection factor of the LEFT VERT amplifier unit to display a signal 
amplitude of 2 divisions on the crt. 



8. Set the B HORIZ time-base triggering controls for a stable display, triggered on 
the negative-going slope. 



The 1 -kHz, 4-volt CALIBRATOR signal is now displayed on the crt screen. 



A AND B INTENSITY CONTROLS 

The A INTENSITY control determines the brightness of the display produced by the 
piug-in unit installed in the A HORtZ compartment; the B INTENSITY control 
determines the brightness of the display produced by the plug in unit installed in 
the B HORIZ compartment* 



CAUTION 



To avoid damage to the crt phosphor, avoid any condft/on where an 
extreme/y bright sharply -foe used dot exists on the crt screen, Afso, 
remember that the fight fitter reduces the apparent tight output from 
the err. 

The crt display brightness (beam current) is limited during X-Y operation or when 
either, or both, time-base units being displayed are set for a slow sweep rate* This 
reduces the danger of damaging the crt phosphor with a stationary or slowly moving 
spot. 



Z-AXIS MODULATION 

Z-axis modulation can be used to relate a third item of electrical phenomena to the 
vertical (Y-axis) and the horizontal (X-axis) coordinates without affecting the 
waveshape of the real-time signal. This is accomplished by changing the intensity of 
the real-time waveform to provide a "'gray scale"^ display. 



@ 
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The voltage amplitude required for visible trace modulation depends on the setting 
of the A and B INTENSITY controls. A two-volt, peak-to-peak, signal applied to the 
Z-AXIS INPUT connector will completely blank the display even at maximum 
intensity levels; tower amplitude signals can be used to change only the relative 
trace brightness* Negative-going signals increase the display intensity and positive- 
going signals decrease the display intensity. 



Refer to Table 2-1, in the Specification section of this manuai, for Z-axis signal 
requirements. 

Time markers applied to the Z-AXIS INPUT connector provide a direct time reference 
on the display. With uncalibrated horizontal sweep, the time markers provide a 
means of reading time directly from the display. If the markers are not time-related 
to the displayed waveform, use a single-sweep display* 

The Z-axis blanking phenomena or the real-time X-Y display cannot be stored in 
waveform memory. 



USING THE BEAMFINDER 

The BEAMFINDER pushbutton helps locate a real-time display that overscans the crt 

viewing area either vertically or horizontally* When the BEAMFINDER is pressed, 

the display is compressed and defocused to be within the graticule area* 

To locale and reposition an overscanned real-time display: 

1. Press the BEAMFINDER* White the display is compressed, change the vertical 
and horizontal deflection factors of the vertical amplifier and horizontal time- 
base plug-in units until the display is about two divisions high and four divisions 
wide* (Horizontal deflection usually needs to be reduced only in X-Y modes.) 

2. Adjust the vertical and horizontal position controls to center the display on the 
graticule. 

3. Release the BEAMFINDER; the display should remain within the graticule area. 



REAL-TIME READOUT DISPLAY 

The readout system provides an alphanumeric display of information on the crt 
along with the waveform display. When the 7854 is in the SCOPE display mode, the 
alphanumeric information displayed by the readout system is obtained from the 
plug-in units installed in the plug-in compartments* 



(5) 
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The readout information from each channel or each plug-in unit is called a '*word'\ 
Up to eight words of real-time readout information may be dfsplayed on the crt (two 
channels from each of the four plug-in compartments). The location of each readout 
word is fixed and is directly related to the plug-in unit and channel from which It 
originates. Figure 4-1 shows the area of the graticule where the readout word from 
each plugdn unit channel is displayed. Notice that the readout from channel 1 of 
each plug-in unit is displayed in the top division of the graticule, and the readout 
from channel 2 is displayed directly below that of channel 1 in the bottom division of 
the graticule* Only the readout information for plug-tn units and channels selected 
will usually appear in the crt viewing area. However, some special purpose plug-in 
units may over-ride the VERTICAL MODE and HORIZONTAL MODE switches (in the 
SCOPE display mode) to display readout even though the compartment is not 
selected for display. 
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NOTE 

E@cl^ ^lug-in readouE ward displays a maxirmitn dMO chardcldrs. 



Figure 4-1. Location and definition of the real-time readout. 



READOUT IDENTIFY 

An 'Identify" feature is provided on some probes and amplifier units to correlate the 
real-time readout word with the originating plug-in unit and channel. When the 
"Identify" button of an amplifier unit or probe is pressed, the word (DENTIFY 
appears in the readout location allocated to that plug-in and channel. Other readout 
words in the display remain unchanged. When the "Identify'" button is released, the 
readout display from the plug-in channel Is again displayed. Circuitry in some 
amplifier units can also produce a noticeable change in the real-time waveform 
display to identify the associated trace when the "Identify" button is pressed (see 
the plug-in unit instruction manual for details). 
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READOUT ACCESS PLUG-tN UNIT 

The 7M13 READOUT plug-in unit provides convenient control of the crt readout 
characters. This allows information, such as dates and identifying nomenclature, to 
be displayed on the crt in the SCOPE display mode. This capability is particularly 
useful when making photographs. 



VERTICAL AND HORIZONTAL 
MODE COMBINATIONS 

Twenty combinations of VERTICAL MODE and HORIZONTAL MODE switch settings 
are possible. The total possible number of real-time display combinations is further 
multiplied by the variety of plug-in units available for use with this instrument, the 
interchangeability of plug-ins (i,e., either an amplifier or a time-base unit can be 
installed in any of the four compartments^ and by the capabiNties of the plug-in 
units which are used in the instrument {e.g., a dual -trace amplifier unit can be used 
in either of the two single-channel modes, in dual-trace modes, or added- 
algebraically mode; a delaying time base may be used either for a sweep or for a 
delayed sweep). Since listing all display combinations which can occur in the 
SCOPE display mode would be difficult due to the large selection of available plug-in 
units. Table 4-1 lists only the displays obtained with each combination of VERTICAL 
MODE and HORIZONTAL MODE switch positions. Status of the VERTICAL and 
HORiZONTAL MODE switches is indicated by the illuminated buttons. These 
switches do not latch. 



VERTICAL MODES 

When the LEFT or RIGHT button of the VERTICAL MODE switch is pressed, only the 
signal from the plug-in unit in the designated compartment is displayed. 



Alternate Mode 

The ALT position of the VERTICAL MODE switch produces a display which 
alternates between the LEFT VERT and RIGHT VERT compartments with each 
sweep. Although the ALT mode can be used at all sweep rates, the CHOP mode 
provides a more satisfactory display at sweep rates below about 20 milliseconds/ 
division. At these slower sweep rates, the alternate-mode switching becomes 
perceptible. 

Alternate mode displays have three types of triggering available. When the A and B 
TRIGGER SOURCE switches are set to the VERT MODE position, each sweep is 
triggered by the signal being displayed on the crt. This provides a stable display of 
two unrelated signals, but does not indicate the time relationship between the 
signals. In the LEFT VERT or RIGHT VERT positions of the TRIGGER SOURCE 
switches, the two signals are displayed showing true time relationships. However, if 
the signals are not time related, the display from the plug-in unit not providing a 
trigger signal will be unstable on the crt. 
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TABLE 4 1 

Real-Time Display Combinations^ 



Vertical 

Mode 


Horizontal 

Mode 


Comments 


LEFT 


A or B 


One trace. Vertical deflection from single unit; 
horizontal deflection from single unit. 




ALT or CHOP 


Two traces. Vertical deflection from single unit; 
horizontal deflection from both units. 


ALT 


A or B 


Two traces. Vertical deflection from both units; 
horizontal deflection from single unit. 




ALT or CHOP 


Two traces. Vertical deflection from both units; 
horizontal deflection from both units. Indepen- 
dent-pairs (sweep slaving) operation. See 
Alternate Mode discussion In this section. 


ADD 


A or B 


One trace. Vertical deflection is algebraic sum- 
mation of signals from both units: horizontal 
deflection from single unit. 




ALT or CHOP 


Two traces. Vertical deflection is algebraic sum- 
mation of signals from both units; horizontal 
deflection from both units. 


CHOP 


A or B 


Two traces. Vertical deflection from both units; 
horizontal deflection from single unit. 




ALT or CHOP 


Four traces. Vertical deflection from both units; 
horizontal deflection from both units 


RIGHT 


A or B 


One trace. Vertical deflection from single unit; 
horizontal deflection from single unit. 




ALT or CHOP 


Two traces. Vertical deflection from single unit; 
horizontal deflection from both units. 



'Combi nations given are for single -channel vertical and horizontal units only^ 



When the ALT vertical mode is selected and either the ALT or CHOP horizontal 
mode is selected, the instrument operates in the independent-pairs (sweep-slaving) 
mode. During this mode, the signal from the LEFT VERT unit is always displayed at 
the sweep rate of the B HORIZ time-base unit and the signal from the RIGHT VERT 
unit is displayed at the sweep rate of the A HORIZ time-base unit (non-delayed 
sweep only)^ This results in two displays which are completely independent of each 
other in vertical deflection and sweep rate. This independent-pairs display is 
equivalent to the display obtainable with a dual-beam oscilloscope for most 
repetitive display combinations. 



@ 
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The display sequence in independent-pairs mode of operation is somewhat changed 
in delayed-sweep operation of the time-base unit. First, the LEFT VERT signal is 
displayed at the sweep rate of the A HORIZ time-base unit (delaying sweep), then at 
the rate of the B HORIZ time-base unit {delayed sweep). The vertical display then 
shifts to display the RIGHT VERT signal consecutively at the delaying and delayed 
sweep rates. 



Chopped Mode 

The CHOP position of the VERTICAL MODE switch produces a display which is 
electronically switched between the LEFT VERT and RIGHT VERT signals, at about a 
one-megahertz rate. In general, the CHOP mode provides the best display at sweep 
rates slower than about 20 milliseconds/division or whenever dual-trace, real-time, 
single-shot phenomena are to be displayed. At faster sweep rates the chopped 
switching becomes apparent and may interfere with the display. 



When the A or B TRIGGER SOURCE switches are set to VERT MODE, the internal 
trigger signals from the vertical plug-ins are algebraically added, and the time-base 
units are triggered from the resultant signal. The LEFT VERT or RIGHT VERT trigger- 
source positions provide trigger signals to the time-base units from the selected 
vertical unit only. This allows two time-related signals to be displayed showing true 
real-time relationships. {If the signals are not time-related, the display from the 
channel which is not providing the trigger signal will appear unstable.) 



The CHOP mode can be used to compare two single-shot, transient or random real- 
time signals which occur within the time interval determined by the time-base unit 
(ten times the selected sweep rate). To provide correct triggering, the displayed 
signal providing the trigger signal must precede the second display. 



Algebraic Addition 

The ADD position of the VERTICAL MODE switch can be used (1) to display the sum 
or difference of two real-time signals, {2) for common- mode rejection to remove an 
undesired signal or (3) for dc offset (applying a dc voltage to one channel to offset 
the dc component of a signal on the other channel). 



The overall deflection on the crt in the ADD mode is the algebraic sum of the real- 
time signals from the two vertical plug-in units. Determining the voltage amplitude 
of the resultant display is difficult unless the amplitude of the signal applied to one 
of the plug-ins is known. This is particularly true when the vertical units are set to 
differing deflection factors, since it is not obvious which portion of the display 
results from the signal applied to a given plug-in unit. The polarity and repetition 
rate of the applied signals will also affect the ADD display. 



@ 
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Observe the following precautions when using the ADD mode: 

1 . Do not exceed the input- voltage ratings of the plug-in units* 

2. Do not apply large signals to the plug-in units* A good rule is to limit the applied 
signal to no more than about eight times the vertical defiection factor. For 
example, with a vertical deflection factor of 0*5 volt/division, the voltage applied 
to that plug-in should not exceed four volts. Larger voltages may result in a 
distorted display. 

3. To ensure the greatest dynamic range in the ADD mode, set the position controls 
of the plug-in units to a setting which would result in a mid-screen display if 
viewed in the LEFT or RIGHT positions of the VERTICAL MODE switch, 

4. For similar response from each channel, use identical plug-jns and set the plug- 
in units tor the same type of input or coupling mode. 



HORIZONTAL MODES 

When either the A or B button of the HORIZONTAL MODE switch is pressed, the 
vertical signal is displayed at the sweep rate of the selected time- base unit. Set the 
applicable intensity control and trigger-source switch for the desired display. 



Alternate Mode 

The ALT position of the HORIZONTAL MODE switch provides crt sweeps derived 
alternately from the two time-base units* Although the ALT horizontal mode can be 
used at all sweep rates, the CHOP mode provides a more satisfactory display at 
sweep rates below about 20 milliseconds/division. At slower sweep rates* the 
switching between the traces becomes perceptible. 

NOTE 

This instrument wiU not present a reahtime display in the ALT position 
of the HORiZOf\/TAL MODE switch if either horiiontat plug-in 
compartment is left vacant. 

The A and B INTENSITY controls allow individual adjustment of the traces produced 
by the time-base units in the A HORIZ and B HORIZ compartments. Correct 
triggering of both time-base units is essential in obtaining the correct display in the 
ALT horizontal mode. If either of the time-base units does not receive a correct 
trigger, and therefore does not produce a sweep, the other unit cannot produce a 
sweep either* This means that one time-base unit cannot begin its sweep until the 
previous unit has completed its entire display. This can be avoided by setting the 
time-base units for auto-mode triggering. See Trigger Source for operation of the A 
and B TRIGGER SOURCE switches* Also, see Vertical Trace Separation for 
information about positioning the B HORIZ display when in the ALT horizontal 
mode. 
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Chopped Mode 

When the CHOP button of the HORIZONTAL MODE switch is pressed, the real-time 
display Is electronically switched between the two time-base units at about a 200- 
kilohertz rate* In general, the CHOP horizontal mode provides the best display {!) 
when either of the time- base units is set to a sweep rate slower than about 20 
miltiseconds/division, and {2) when the two time-base units are set to widely 
differing sweep rates. In the CHOP horizontal mode, equal time segments are 
displayed from each of the time-base units. This provides a real-time display which 
does not greatly change in intensity as the sweep rate of either time-base unit is 
reduced (in contrast to the ALT horizontal mode where the slowest trace tends to be 
the brightest)* 

The A and B INTENSITY controls provide individual intensity adjustment of the 
traces produced by the time-base units in the A HORIZ and B HORIZ compartments. 
Triggering is not as critical in the CHOP horizontal mode as in ALT; if one of the 
units is not properly triggered, only the trace from the untriggered time-base unit is 
missing from the display. The other trace is presented in the normal manner. See 
Vertical Trace Separation and Trigger Source for further information. 



VERTICAL TRACE SEPARATION 

When either of the dual-sweep horizontal modes (ALT or CHOP) is selected, the 
VERT TRACE SEPARATION (B) control allows the trace produced by the B HORIZ 
plug-in to be positioned above or below the trace produced by the A HORIZ plug-in. 
To use the control, first position the trace produced by the A HORIZ unit. Then, 
adjust the VERT TRACE SEPARATION (B) control to move the trace produced by the 
B HORIZ unit away from the A HORIZ display. 



INTENSITY CONTRAST 

The CONTRAST adjustment varies the brightness of the intensified portion of the 
real-time waveform displayed when the A HORIZ and B HORIZ time-base units are 
operating in the delaying/delayed mode. (This adjustment does not affect the 
cursors displayed in the STORED display mode.) 



TRIGGER SOURCE 

The A and B TRIGGER SOURCE switches select the internal trigger signals for the A 
HORIZ and B HORIZ lime-base units. For most applications, these switches can be 
set In the VERT MODE position. In this position, the internal trigger signal is 
automatically switched as the VERTICAL MODE switch is changed, or as the display 
is electronically switched between the LEFn" VERT and RIGHT VERT plug-ins while 
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in the ALT vertical mode. The VERT MODE position also provides a usable trigger 
signal in the ADD or CHOP positions of the VERTICAL MODE switch. Therefore, this 
trigger source position ensures that the time-base units receive a trigger signal 
regardless of the setting of the VERTICAL MODE switch. 

If correct triggering for the desired display cannot be obtained in the VERT MODE 
position, the trigger source for either time-base unit can be changed to obtain the 
trigger signal from either the LEFT VERT or RIGHT VERT plug-in. The internal trigger 
signal is obtained from the selected vertical compartment whether the plug-in in 
that compartment is selected for display or not. If the internal trigger is selected 
from a vertical unit which is not also selected for display, the trigger signal must be 
time-related to the displayed signal in order to obtain a triggered (stable) display. 



REAL-TIME FUNCTIONS 
CHECKOUT PROCEDURES 



This checkout procedure verifies proper operation of the reaLtime related controls, 
indicators, and connectors; and may also be used to familiarize the operator with 
the operation of the mainframe controls, indicators, and connectors. The processor- 
related functions, such as those selected with the measurement and Waveform 
Calculator keyboards, can be verified by performing the exercises given in sections 5 
and 6. 

Only functions (not measurement quantities or specifications) are checked in this 
procedure; therefore, a minimum amount of test equipment is required. If 
performing this checkout procedure reveals improper performance or instrument 
malfunction, check the operation of associated equipment; then refer to qualified 
service personnel for repair or adjustment of the instrument. 

TEST EQUIPMENT REQUIRED 

The following test equipment was used in this checkout procedure. Other test 
equipment which meets these requirements may be substituted. When other 
equipment is substituted, the control settings or setup may need to be altered. 



1 . Function Generator (used only to check out the Z-AXIS INPUT) 

Description: Frequency range, 250 kilohertz to 1 megahertz; output amplitude, 2 
volts peak-to-peak into 50 ohms; waveshape, sine. 

Type Used: TEKTRONIX SG 503 Signal Generator (used with TM 500 Power 
Module), 
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2, Cables (2 required) 

Description: Length, 42 inches: connectors, bnc. 



Type Used: Type RG-58/U, 50-ohm coaxial, Tektronix Part 012-0057-01. 



3, T Connector 



Description: Connectors, bnc-to-bnc. 

Type Used: Bnc-to-bnc connector, Tektronix Part 103-0030-00* 

4* Adapter 

Description: Connectors, bnc female-to-bnc female* 

Type Used: Bnc femaie-to-bnc female, Tektronix Part 103-0028-00. 

PRELIMINARY SETUP 

1 * Connect the 7854 to a power source that meets the voltage requirements of this 
instrument (POWER switch off). If the available line voltage is outside the setting 
limits of the LINE VOLTAGE SELECTOR switch (on rear panel), see Operating 
Power Information under Installation in section 1 , 

2. Set the front-panel controls as follows: 



FOCUS * * . . . Midrange 

B INTENSITY Counterclockwise 

A INTENSITY Counterclockwise 

READOUT * *.,*OFF 

STORED INTensity * Quarter range 

GRAT ILLUM * * Counterciocl<wise 

POWER *.**ON 

CALIBRATOR * * * 4 V 

VERTICAL MODE * . * * * * . . * LEFT* 

A TRIGGER SOURCE VERT MODE 

HORIZONTAL MODE A* 

VERT TRACE SEPARATION (B) Midrange 

8 TRIGGER SOURCE * . . * VERT MODE 

CRT DISPLAY SCOPE 



*|_EFT and B are automatically selected as Power-Up Conditions, (Sea Section 1* 
Introduction.) 
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3. Install Tektronix ?A-series amplifier units in the LEFT VERT and RIGHT VERT 
compartments. Install Tektronix 7B80-, 7B90-, or 7B 10-series time-base units in 
the A HORIZ and B HORIZ compartments* 

4* Set both time-base units to 1 millisecond/divislon and triggering to auto mode 
with ac coupling from the internal source. 

5. Rotate the A INTENSITY control until the trace is at a desirable viewing level, 
(Position trace if necessary. ) 

6. Connect the CALIBRATOR output to the input of the LEFT VERT amplifier unit 
with a 42-inch bnc cable. 

7* Set the LEFT VERT deflection factor to display a signal amplitude of 2 divisions 
on the crt. 

8, Set the A FIORIZ time-base triggering for a stable display. 



DISPLAY FOCUS CHECKOUT 

Rotate the FOCUS and ASTIG controls and observe the square-wave display* Notice 
that the thickness of the trace varies. Set the FOCUS and ASTIG controls for a well- 
defined trace as described in steps 6 through 8 of the Astigmatism-Focus 
Adjustment procedure in section 3. 



TRACE ALIGNMENT CHECKOUT 

Disconnect the input signal. Position the LEFT VERT trace to the center horizontal 
graticule line* If necessary, use the TRACE ROTATION control to align the trace with 
the center graticule line. 



GRATICULE ILLUMINATION CHECKOUT 

Rotate the GRAT ILLUM control throughout its range and notice that the graticule 
lines are illuminated as the control is turned clockwise* 



CONTROL ILLUMINATION AND TRACE INTENSITY CHECKOUT 

Set the rear-panel CONTROL ILLUMINATION switch to HIGH. Notice that the A 
INTENSITY indicator and the selected pushbutton switch positions are all 
illuminated. Sequentially press all of the HORIZONTAL MODE switch positions and 
notice the A and B INTENSITY lights; these lights indicate which intensity control is 
active* Set the CONTROL ILLUMINATION switch to the MEDIUM position* Observe 
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dimming of the fighted pushbutton switches on the plug-in units and the selected 
settings of the TRIGGER SOURCE switches. 

Rotate the active A or B INTENSITY control and notice that the corresponding trace 
intensity varies. Press ( STORED ] on the measurement keyboard and notice that 
the STORED INTensity indicator is lit. Rotate the STORED INTensity control and 
notice that the stored trace intensity varies. 

Set the rear-panei CONTROL ILLUMINATION switch to the HIGH position. Press 
r SCOPE~1 and return the HORIZONTAL MODE switch to A. 



VERTICAL DEFLECTION CHECKOUT 

Connect the 4-V CALIBRATOR output to the input connectors of both amplifier units 
with two 42-inch bnc cables and a bnc T connector. Set the deflection factor of the 
LER VERT amplifier unit to display about 2 divisions of signal on the crt. 



Notice that the position control of only the LEFT VERT amplifier unit affects the 
vertical position of the displayed square wave. Position the square wave to the 
upper half of the graticule. 

Set the VERTICAL MODE switch to RIGHT. Set the deflection factor of the RIGHT 
VERT amplifier unit to display about 2 divisions of signal on the crt. 

Notice that the position control of only the RIGHT VERT amplifier unit affects the 
vertical position of the displayed square wave. Position the square wave to the 
lower half of the graticule. 



Set the VERTICAL MODE switch to ALT. Two traces should be displayed on the crt. 
The top trace is produced by the LEFT VERT amplifier unit and the bottom trace is 
produced by the RIGHT VERT amplifier unit: the sweep for both traces is produced 
by the A HORIZ time-base unit. Set the sweep rate of the A HORIZ time-base unit to 
50 milliseconds/division; notice the display alternates between the LEFT VERT and 
RIGHT VERT amplifier units after each sweep. Turn the A HORIZ time-base sweep 
rale switch through its range; notice that the display alternates between amplifier 
units at all sweep rates. 



Set the VERTICAL MODE switch to CHOP. Turn the A HORIZ time-base unit sweep 
rate switch throughout its range. A dual-trace display will be presented at all sweep 
rates, and both amplifier units are displayed by the A HORIZ time-base unit on a 
time-sharing basis. Set the A HORIZ time-base unit sweep rate switch to 0.5 
millisecond/ division. 

Set the VERTICAL MODE switch to ADD. The display should be four divisions in 
amplitude. Notice that the position control of either amplifier unit moves the display. 
Set the VERTICAL MODE switch to LEFT. 
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HORIZONTAL DEFLECTION CHECKOUT 

Position the start of the trace to the left most graticule line with the A HORIZ time- 
base position control. Notice that the position control of only the A HORIZ time-base 
unit affects the horizontal position of the displayed trace ^not the position control of 
the B HORIZ time'base unit). 

Set the HORSZONTAL MODE switch to B. Adjust the B INTENSITY control for a 
visible display. 

Notice that the position control of only the 6 HORIZ time-base unit affects the 
horizontal position of the displayed trace. Position the start of the trace to the left- 
most graticule line with the B HORIZ time-base unit position control. 

Set the HORIZONTAL MODE switch to ALT, Two traces should be presented on the 
crt. If the traces overlap, set the VERT TRACE SEPARATION (B) control to position 
one trace to the bottom of the graticule area. Turn the sweep rate switches of both 
time-base units throughout their range. Observe that each time-base unit controls 
one of the traces independently of the other time-base unit. Also notice that when 
one of the time-base units is set to a slow sweep rate (below about 50 
milliseconds/division) sweep alternation is evident (only 1 of the traces is presented 
on the crt at a time). Set the sweep rates of both lime-base units to 0.5 
mtlliseconds/division. Rotate the A INTENSITY control: notice that the intensity of 
the trace produced by the A HORIZ time-base unit changes. Likewise, the B 
INTENSITY control changes the intensity of the trace produced by the B HORIZ time- 
base unit only. Return both INTENSITY controls to desirable levels. 



Set the HORIZONTAL MODE switch to CHOP. Two traces should be displayed on 
the crt in a manner similar to that of the ALT display. Turn the sweep rate switches 
of both time-base units throughout their ranges. 

Set the CALIBRATOR switch to 0.4 V. Set the VERTICAL MODE switch to CHOP. 
Four traces should be displayed on the crt. If not, set the position controls of the 
amplifier units and the VERT TRACE SEPARATION (B) control to position the four 
traces into view. Set the position controls of the plug- in units to identify which trace 
is produced from each plug-in unit. (If amplifier units have the "Identify" feature, it 
can be used to identify the traces.) Set the A HORIZ time-base unit for a sweep rate 
of 1 mrllisecond/division. The LEFT VERT amplifier unit should be displayed at the 
sweep rate of both time-base units. 



Set the HORIZONTAL MODE switch to ALT. Observe that the display is very similar 
to that obtained In the previous sweep. The main difference in this display is that 
the traces are now displayed alternately (noticeable only at slow sweep rates). 

Set the VERTICAL MODE switch to ALT. Set the CALIBRATOR switch to 4 V. Notice 
that only 2 traces are displayed. The trace produced by the LEFT VERT amplifier unit 
should be displayed at the sweep rate of the B HORIZ time-base unit and the trace 
produced by the RIGHT VERT amplifier unit should be displayed at the A HORIZ 
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time-base unit sweep rate. This feature is called independent-pairs operation and is 
obtained oniy when the VERTICAL MODE switch is in the ALT position, the 
HORIZONTAL MODE switch is in either the ALT or the CHOP position, and the time- 
base units are in the independent mode. 



TRIGGERING CHECKOUT 

Set the VERTICAL MODE switch to LEFT and the HORIZONTAL MODE switch to A. 
Center the display on the crt with the LEFT VERT amplifier position control. 
Disconnect the input signal from the RIGHT VERT amplifier unit input connector. 
Sequentially select all of the VERTICAL MODE switch positions. Notice that a stable 
display is obtained in all settings of the VERTICAL MODE switch (straight line in 
RIGHT switch position). 

Set the A TRIGGER SOURCE switch to LEFT VERT, Again, sequentially select all of 
the VERTICAL MODE switch positions; notice that the display is again stable in all 
positions, as In the previous step, and that the LEFT VERT pushbutton is 
illuminated. 

Set the A TRIGGER SOURCE switch to RIGHT VERT. Sequentially select alt of the 
VERTICAL MODE switch positions and notice that a stable display cannot be 
obtained in any position {this is because there is no input signal connected to the 
RIGHT VERT amplifier unit) and that the RIGHT VERT pushbutton is illuminated. 
Return the A TRIGGER SOURCE switch to VERT MODE and notice that it is 
illuminated. 



The B TRIGGER SOURCE switch operates in a manner similar to the A TRIGGER 
SOURCE switch when the S HORIZ time-base unit is selected to provide the display. 
Set the B TRIGGER SOURCE switch to VERT MODE and the VERTICAL MODE 
switch to ALT, 



Set the HORIZONTAL MODE switch to B and the VERTICAL MODE switch to LEFT. 

READOUT CHECKOUT 

Turn the READOUT control clockwise until an alphanumeric display is visible within 
the top or bottom division of the crt. Change the deflection factor of the amplifier 
unit that is selected for display. The readout should change as the deflection factor 
is changed. Likewise, change the sweep rate of the lime-base unit which is selected 
for display; the readout for the time-base unit should change as the sweep rate is 
changed. 

Set the selected time-base unit for XI 0 magnification. Notice that the readout 
display will change to indicate the correct magnified sweep rate. If a readout- 
encoded 1 0X probe is available for use with the amplifier unit, install it on the input 
connector of the LEFT VERT amplifier plug-in unit. Notice that the deflection factor 
indicated by the readout is increased 10 times when the probe is added. Return the 
time-base unit to normal sweep operation and disconnect the probe. 
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Sequentially select all of the VERTICAL MODE and HORIZONTAL MODE switch 
positions. Notice that the readout from a particular piug-in occupies a specific 
location on the display area. If either of the vertical piug-in units is a duai-trace unit, 
the readout for channel 2 is displayed within the lower division of the crt. Return 
the VERTICAL MODE switch to LEFT and the HORIZONTAL MODE switch to A, Set 
the READOUT control to OFF. 



beamfinder checkout 

Set the deflection factor of the LEFT VERT amplifier to 10 millivolts/division and the 
CALIBRATOR for a 4 V output. Notice that the square-wave display is not visible, 
since the deflection exceeds the scan area of the crt. 

Press the BEAMFINDER push-button switch; notice that the display is returned to 
the viewing area in compressed form. Release the BEAMFINDER switch and notice 
That the display again disappears from the viewing area. 



With the BEAMFINDER switch pushed in. increase the LEFT VERT amplifier 
deflection factor until the display is reduced to about 2 divisions vertically. Adjust 
the position control of the displayed amplifier unit to position the compressed 
display near the center of the graticule. Release the BEAMFINDER switch and 
observe that the display remains within the viewing area. 



CALIBRATOR CHECKOUT 

Connect the CALIBRATOR output to both the LEFT VERT and RIGHT VERT amplifier 
units with two bnc cables and a bnc T connector. The display amplitude should be 
approximately 2 divisions. If not. adjust the deflection factor accordingly. 



Select different CALIBRATOR pushbuttons (labeled 4 V. 0.4 V. and 40 mV) and 
notice that the displayed signal changes accordingly (CALIBRATOR output must be 
terminated into more than a 100 kilohm load for stated output). When the 
CALIBRATOR output is terminated into 50 ohms, the output is 0.1 times the stated 
output. 



Z-AXIS INPUT CHECKOUT 

If an external signal is available (2 volts peak-to peak minimum), the function of the 
Z-AXIS INPUT can be demonstrated. Connect the external signal to both the input 
connector cf the displayed amplifier unit and the Z-AXIS INPUT connector. Set the 
sweep rate of the displayed time-base unit to display about 5 cycles of signal. Set 
the amplitude of the signal generator until intensity modulation is visible on the 
display (change the amplifier unit deflection factor as necessary to produce an on- 
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screen display). The positive peaks of the waveform should be blanked out and the 
negative peaks intensified. Notice that the setting of the INTENSITY controls 
determines the amount of intensity modulation that Is visible. Disconnect the 
cables* 



SIGNAL OUT CHECKOUT 

Set the VERTICAL MODE switch to CHOP and connect the SIGNAL OUT connector 
to the input of the RIGHT VERT amplifier unit. Connect the 4 V CALIBRATOR output 
to the LEFT VERT amplifier unit. Notice that the CALIBRATOR output waveform is 
present at the SIGNAL OUT connector at reduced amplitude. 



+ SAWTOOTH OUT CHECKOUT 

Set the VERTICAL MODE switch to RIGHT and connect the + SAWTOOTH OUT 
connector to the input of the RIGHT VERT amplifier unit. Set the HORIZONTAL 
MODE switch to A. Notice that a sawtooth waveform is displayed. Remove the B 
HOBIZ time-base unit and notice the display. If the sawtooth waveform disappears, 
the + sweep sawtooth signal available at the SAWTOOTH OUT connector 
originates from the B HORIZ time-base unit as selected by the Sweep Selector 
switch. If the sawtooth display remains, the + sweep sawtooth available at the 
+ SAWTOOTH OUT connector originates from the A HORIZ lime-base unit as 
selected by the Sweep Selector switch. 



+ GATE OUT CHECKOUT 

The signal available at the + GATE OUT connector is dependent on the Gate 
Selector switch position (i.e.. A, B, or Delay'd), If the Gate Selector switch setting is 
not known, the following procedure will determine the switch setting and verify that 
the proper signal is present* 



Set the VERTICAL MODE switch to RIGHT and connect the + GATE OUT connector 
to the input of the RIGHT VERT amplifier unit* Set the HORIZONTAL MODE switch 
to A. If a single square^wave + gate display is obtained proceed to the next 
paragraph; if not, the Gate Selector switch is set to Delay'd and, thus, the signal 
available at the + GATE OUT connector is the delayed gate fronri the A HORIZ time- 
base unit, which requires that a delaying time-base unit be installed in the A HORIZ 
compartment. Set the A HORIZ delaying time-base unit for B Starts After Delay 
mode. Notice that the display is a single square wave. Vary the delaying time base 
delay-time control and notice that the displayed square-wave width varies. 



Remove the B HORIZ time-base unit and notice the display. If the + gate waveform 
disappears, the + gate signal available at the + GATE OUT connector originates from 
the B HORIZ time-base unit as selected by the Gate Selector switch, ff the + gate 
display remains, the + gate signal available at the + GATE OUT connector originates 
from the A HORIZ time-base unit as selected by the Gate Selector switch. 
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SINGLE SWEEP RESET CHECKOUT 

Connect the 4 V CALIBRATOR output to the LEFT VERT amplifier unit. Obtain a 
display of the CALIBRATOR output. Set both time-base unit triggering controls for 
single-sweep operation. Connect one end of the bnc cable to the rear pane! + GATE 
OUT connector. Connect the other end of the cable to the SINGLE SWEEP RESET 
connector while watching the crt. A single-sweep display of the CALIBRATOR 
output signal should be obtained each time the + GATE OUT signal is applied to the 
SINGLE SWEEP RESET connector. 



This completes the Real-Time Functions Checkout Procedures. 
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Using the 
Measurement Keyboard 



This section of the manuat demonstrates^ in the form of self-teachtrig exercises, the 
operation of alf front- panel measurement keyboard commands, except those given 
in the EXTERNAL block. These exercises are for the Option 00 7854 Oscilloscope 
which can be operationally simulated by disconnecting the Waveform Calculator 
and the GPI8 cables from the oscilloscope rear-panel connectors. 

Ah displays shown in the exercises in this manual are correct for the given 
conditions—specified and previously displayed re&l-time waveform, the position of 
the stored waveform, etc. — hut might not be exactly duplicated on your instrument 
due to the extreme sensitivity of the processor. Therefore, your readings may vary 
slightly from those shown in the exercise displays. 

in addition to the exercises to demonstrate the WFM ACQUISITION, CURSOR, and 
WFIVI PARAMETER commands available on the measurement keyboard, this section 
includes information on: 

U Waveform storage considerations: 

2. The command buffer; 

3. Error and warning indications; and 

4. The character display in the STORED and BOTH modes. 
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WAVEFORM STORAGE CONSIDERATIONS 

Before measurements can be made by the processor, the real-time waveform must 
be stored in waveform memory. With Option 0D. only one waveform can be stored 
at a time* Scale factors (vertical deflection factor and horizontal sweep rate) with 
units, and the vertical zero reference (VZR) are stored in memory with the waveform 
points since all are required to fully specify the waveform value* 



The processor can only store the waveform selected by the VERTICAL MODE, 
HORIZONTAL MODE, or plug-in unit display mode switches; other waveforms, or 
those which would be displayed with a plug-in unit chop mode, are considered 
invalid by the processor and cannot be stored. Each acquisition command has an 
associated maximum number of waveforms which can be displayed during 
execution; if more are selected, the processor cannot perform the acquisition 
command and an error condition exists. (See Error and Warning Indications later in 
this section for more details.) 



Only one repetitive real-time waveform can be selected for display prior to any AVG 
(Average) command; however, two waveforms can be selected at the time of an 
AQR (Acquire Repetitive Waveform} or AQS (Aquire Single-Sweep Waveform) 
command. If two waveforms are selected at the time of an AQR or AOS command, 
only one will be stored and available for subsequent measurement. Use the 
following rules to determine which selected waveform is stored: 



1. If the two waveforms are selected with the VERTICAL MODE switch in ALT or 
CHOP, the vertical values of the stored waveform are those from the LEFT VERT 
plug-in unit. 



2. If the two waveforms are selected with the plug-in unit in the alternate mode, 
the vertical values of the stored waveform are those from channel 1 of the plug- 
in unit. 



3. If the VERTICAL MODE switch is in ADD and either vertical plug-in unit is in the 
alternate mode, the vertical values of the stored waveform are those of channel 
1 of the alternating plug-in added to the value of the other plug-in unit. 



4, If the two waveforms are displayed with the HORIZONTAL MODE switch in ALT 
or CHOP, the sweep values of the stored waveform are those from the B HORIZ 
time-base unit. 

@ 
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Figure 5-1 ^ The acqursitton graticule in relation to the display graticule. 



The Stored waveform consists of the vertical coordinate values of 512 equally- 
spaced horizontai points taken from within the bouridaries of a 10 5< 10 division 
"acquisition graticuJe" (see Fig. 5-1). Any part of the real-time signal which exceeds 
the vertical limits of + or - 5 divisions from vertical zero (the center horizontal 
graticule tine) is clipped at the edge of the acquisition graticule. Any points outside 
the 10-division horizontal limits are ignored. 



If the selected VERTICAL MODE. HORIZONTAL MODE, and pJug-in display mode 
settings wouJd result in more than one vertical or horizontal scale factor readout 
being displayed in the SCOPE display mode, the processor performs a search 
sequence to determine which one will be stored with the waveform points. The first 
valid scale factor encountered in the search is stored. The vertical scale factor 
search sequence is: LEFT VERT channel 1 (R0), LEFT VERT channel 2 (R4h RIGHT 
VERT channel 1 (R1), and RIGHT VERT channel 2 (R5), The horizontal scale factor 
search sequence is: B HORIZ (R3, R7), A HORIZ (R2, R6). (See Fig. 4-1 for locations 
of the readout, R designated, word.) 



If a valid scale factor is not found in the required readout word(s), a default scale 
factor of '"1 " is assigned by the processor and a warning is issued. To determine if 
the required readout word is a valid scale factor, the processor scans the readout 
word starting at the first (leftmost) character. If the readout word is blank, or 
contains non-numeric characters only, the default scale factor is assigned. Leading 
non^numeric characters, such as are not stored as part of the scale factor. The 
scale factor unit (e.g., V or S) is stored and displayed with the scale factor, but is not 
used by the processor for any other purpose. 
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COMMAND BUFFER 

Keyboard conninnands (except STOP) received while the processor is BUSY are stored in 
the command buffer (capacity; 10 commands) while awaiting execution. (A STOP com- 
mand is executed immediately and any remaining commands in the buffer are dis- 
carded). If commands are received while the command buffer is full, they are ignored and 
a warning is issued. Normally the processor will continue executing the commands in the 
order they were received until the buffer is empty. However, if an error occurs, process- 
ing stops and the command buffer is immediately emptied of any stored commands. 



ERROR AND WARNING INDICATIONS 

Before executing any command the processor checks for error conditions which 
would prevent execution; and during command execution the processor checks for 
warning conditions which could give incorrect or unexpected results* Whenever an 
error or warning condition occurs, an audible warning lasting approximately 300 
milliseconds is issued (if the rear-panel AUDIBLE ERROR/WARNING switch is ON). 
During this tone, in either the STORED or BOTH display modes, the alphanumeric 
and stored waveform display are blanked to provide additional warning. (In SCOPE 
display mode, only the readout portion of the display is blanked during the tone.) 
The ERROR indicator will light for either an error or a warning, and will remain lit 
until another command is received by the processor. 

NOTE 

// an error or warning occurs during the SCOPE dispiay mode when the 
AUDIBLE ERROR/ WARf^fNG switch is OFF, the condition might not be 
noticed. Therefore, always pay dose attention to the ERROR indicator 
whenever any command is issued. 

ERRORS 

When an error condition occurs, execution of the command is aborted and any 
subsequent commands stored in the command buffer are erased. The ERROR 
indicator is lit and the error message is displayed until the condition is corrected or 
until a new command is given. Error messages are displayed tn the STORED and 
BOTH display modes only and in the form: XXX ERROR , where XXX are the first 
three mnemonic characters of the aborted command. Table 9-20 lists the error 
conditions which can occur. 

WARNINGS 

If during command execution a condition occurs which may cause the results to 
be other than might normally be expected for the command, execution is 
completed and fin STORED or BOTH display modes) a warning message is 
displayed until a new command is given. Warning messages are displayed in the 
form: XXX WARNING, where XXX are the first three characters of the command 
mnemonic associated with the warning. Table 9-21 lists warning conditions which 
can occur. 
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WAVEFORM ACQUISITION EXERCISES 

A real-time waveform is placed in memory using either the AQR, AQ$, AVG10, 
AVG100, or AVG1000 commands. These command keys are located in the WFM 
ACQUISITION block at the top of the 7854 measurement keyboard {see Fig. B. 
block 6), Also located in this block are the GND (Ground) and STOP keys, and the 
BUSY indicator. The STOP key prematurely terminates a GND, AQR, AVG10, 
AVG100, or AVG1000 command if that command is still executing. The BUSY 
indicator lights when the processor is busy executing any command. 

NOTE 

The RDOUT ancf PAUSE commands (not fabeled on panef} are 
avadab/e as the shift functions of the GND and STOP keys respectivefy. 
However, as they are of fittie use to the operator without the Waveform 
Cafcu/ator or GP/B interface, they are discussed in Section 6, Using the 
Waveform Cafcufator, 

The following eKercises only illustrate the function and operation of the WFM 
ACQUISITION keys and indicator, and must be sequentially performed In order to 
obtain similar results. 

ACQUIRING A REPETITIVE WAVEFORM 

Perform the procedure for Obtaining a Scope Display given in Section 4, Scope 
Display Mode Information. 

Position the 4 V CALIBRATOR signal so that the first positive-going pulse starts at 
the second vertical graticule tine, and so the square wave is centered around the 
center horizontal graticule line. 



Comments 

The BUSY indicator is lit 
while the processor is 
executing the command* 
Scale factors (vertical 
deflection factor and 
horizontal sweep rate) of 
the valid waveform are 
acquired and stored. 
AQR WARNING is 
issued [and displayed in 
the STORE Dor BOTH 
modes) if: (1 ) More than 
5% contiguous points are 
not filied, (2) an invalid 



Set the STORED INTensity control to quarter range. 
To Acquire the waveform: 

Press Display 
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ACQUIRING A REPETITIVE WAVEFORM (Cont) 

Comments (cont) 

scale factor readout is 
encountered, (3) non- 
unique scale factors are 
encountered in add 
vertical modes, or (4) the 
AQR command is pre- 
maturely terminated with 
the STOP command. 
Refer to Waveform 
Storage Considerations 
for further details. 



NOTE 

// the specified readout position does not contain a valid scale factor, 
a default value of **"\ " is assigned by the processor and an 
AQR WARNING is displayed when in the STORED or SOTH display 
modes. 



AQR Operation: Equivalent-time random sampling is used to construct the 
waveform into memory from as many repetitions of the real-time waveform as 
required (see Fig. 5'2). This command is useful at all sweep speeds. 
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Figure 5-2. The input pulse of a repetitive signal is reconstructed using equivatent-time 
random sampling. 
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ACQUIRING A REPETITIVE WAVEFORM (Cont) 

The digitizer simulianeously samples and quantizes the repetitive real-time 
waveform. This sampling is asynchronous with respect to the sweep and only the 
samples acquired within the horizontal limits of the graticule while the waveform is 
visible are considered valid. During digitizing most of the waveform points will have 
been sampled more than once, while some may not have been filled at alL The most 
recent data is retained in memory. 

Waveform acquisition is terminated when at least 99% of all valid points have been 
sampled and stored into memory and at least one complete sweep has occurred, or 
when a STOP command is received. 

AQR Restrictions: No more than two real-time waveforms may be selected for 
display and no plug-in chop modes are permitted prior to execution of an AQR 
command. AQR ERROR is issued if either restriction is violated. 



Press 

ISTOREDl 



Display 



Comments 
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The stored calibrator 
signal with scale factors 
and data from the 
processor is displayed on 
the crt. 



NOTE 

Notice thBl the stored caUtrator signai is a representation, both in 
waveshape and position, of the reahtime CALIBRATOR signal just 
observed in the SCOPE display mode; however, the alphanumeric 
information has changed. The alphanumerics displayed in the STORED 
display mode are discussed in detail under Stored Character Display 
following these exercises. 
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SETTING THE GROUND REFERENCE (IN THE BOTH MODE) 

Notice that the number following VZR {vertical zero reference) in line #1 of the 
stored display has been 0 to this point in the exercises. This means that the 0-volt 
level of the stored waveform is assumed to be at the center horizontal graticule line. 
This VZR setting is a Power-Up Condition (see section 1) set by the processor. The 
GND command provides a means to set a specific ground reference level for 
subsequently stored waveforms* 



To demonstrate, go to the BOTH display mode: 



Press 
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Comments 
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The processor is flagged 
to perform the shift 
function of the next key 
pressed* (If the next key 
pressed does not have a 
shift function, no function 
is performed.) 



Both the reaJ-time and 
the stored calibrator 
signals are displayed. 
Rotate the LEFT VERT 
amplifier positron control 
to verify that both 
waveforms are present. 
(See Both Display Mode 
for further information*) 



Exercise continues on next page 
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SETTING THE GROUND REFERENCE (Com) 

Now set the input coupling switch of the LEFT VERT amplifier unit to ground, and 
position the trace to one division below the center horizontal graticule line. This will 
be the new ground reference ievel. 



Press 

(GNDl 



Display 



Comments 




Although the displayed 
waveforms do not 
change, the BUSY 
indicator lights and 
BUSY is displayed while 
the processor stores 
this level in a ground 
reference register. The 
vertical value, -1.002 
in this example, is 
given in graticule 
divisions with reference 
to the center horizontal 
graticule line; and is 
displayed in the X 
register location — bottom 
line, center of the crt. 
This new ground 
reference will not 
change until either a 
new GND command is 
issued or the 7854 is 
turned off. 



Set the input coupling switch of the LEFT VERT amplifier unit to dc. Do not 
reposition the reat-time waveform. 



Press 

IIAPRII 



Display 



Comments 
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The previously stored 
waveform has been 
replaced by the newly 
acquired calibrator 
signal. 
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SETTING THE GROUND REFERENCE (Com) 



Press 

ISTOREDI 



Display 
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Comments 

The stored calibrator 
signal is displayed with 
the baseline at the new 
ground reference level. 
VZR reading in the top 
division of the graticule 
reflects the currently 
stored ground setting of 
^1,002 division below 
the center horizontal 
graticule line. 



GND Operation: The processor stores the algebraic mean vertical level of the real- 
time trace for the ground (vertical zero) reference of waveforms subseQuently 
stored. 

GND Restrictions: No more than two real-time waveforms may be selected for 
display and no plug-in chop modes are permitted prior to execution of the GND 
command. GND ERROR is issued if either restriction is violated. 



7fj assure that fhe }(roumi nfereme is set ns eh/se ns pitssihle to the desireii 
level, monitor the trrtnnid settin}^ as liispiuyed in the X ref^ister of the 
STORED or BOTH modes, ff the value displn ved is m u what n ant, 
simply reposirioti the real-fifne trnee and press [ 1 aynin. Repent if 

necessary. 
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AVERAGIIMG A WAVEFORM 

To remove rardom noise which may be present on the real-time waveform or to increase 
the resolution of the digitized waveform^ use an AVG (Average) command. The AVG10, 
AVGtM), and AVG 1000 keys on the measurement keyboard averages the reai-time 
waveform the specified rrumber of times before placing the resulting waveform into 
waveform memory. 



To demonstrate, return to the SCOPE display mode by pressing t SCQPE~| . Next, 
set the VERTICAL MODE to ADD and attach an unshielded cable to the 1 MO input 
of the RIGHT VERT amplifier unit. Set the RIGHT VERT amplifier to maximum 
sensitivity and the LEFT VERT amplifier to 1 V/Div, Set the B HORI2 time base for 
0.2 miiliseconds/division. The crt should display a 4-division square wave with 
about 1 d ivision of n oise riding on it. Return to the STORED display mode by 
pressing rSTORED 1 . 
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Comments 

During command execu- 
tion: the BUSY indicator 
is lit; the previously 
stored waveform is 
maintained on the 
display; and the AVG 
mnemonic, BUSY mes- 
sage, and number of 
averages to be completed 
are displayed in the 
bottom division {line #1 6) 
of the graticule. 




After command execu- 
tion: the BUSY indicator 
is off; the newly stored 
waveform is displayed in 
line #1 6 of the display; 
and the last command 
mnemonic, AVG100 is 
displayed. 
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AVERAGING A WAVEFORM (Conf) 

AVG Operation; Acquires repetitive real-time waveform as for AQR command. 
Then the processor repeatedly re acquires the real-time waveform, by points, and 
accumulates new data into the corresponding points of the stored waveform. If the 
vaiue of a point is found to be changed from its initial value, the difference is 
modified with a weighting factor and added to the initial value. The result is that at 
any time during averaging the stored waveform will approximate the algebraic mean 
value of the individual waveforms acquired so far. 

AVG Restrictions: Only one real-time waveform may be selected for display, 
no chop or alternate modes permitted, prior to execution of the AVG commands. 
AVG ERROR is issued if this restriction is violated. 



STOPPING ACQUISITION 

The STOP command is used to terminate either an AQR, GND, or AVG command 
while the processor is busy executing that command. To illustrate: 



Press 

I AVG1000 ) 



Comments 

The display is simitar to 
that previously described 
during execution of 
AVG 100, 



While the BUSY indicator is lit: 



Press 

II 



Display 



Comments 



— 1 
OPWj 


e 


vzn 


T " 

1 -i.e 


1“ i 


1 


y 


i 2 












j 






! 








' 4 




r 














I 






































Lju 








y 










n 






i ^ 




, 1 


1 






! 


9 


1 , 


a wm AW 


G WiJ 

: ! 


ilNIN 

1 







NOTE 



The stored waveform 
now consists of the 
number of averages 
completed prior to the 
STOP; if no averages 
were completed, all 
waveform points are set 
to zero. AVG WARNING 
is issued when a STOP is 
executed. 



The STOP command is executed immed/ateiy upon receipt by the 
processor^ 



NEXT EXERCISE BEGINS WITH POWER-UP 
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ACQUIRING A SINGLE-SWEEP WAVEFORM 

When the real-time signal to be stored is not repetitive because of varying 
amplitude, waveshape, or repetition rate, use the AQS command to store the 
signal. 



To acquire a single-sweep waveform, perform the first step of Obtaining a Scope 
Display given in Section 4, Scope Display Mode Information. 

Then install a Tektronix yA-series amplifier unit in the LEFT VERT compartment and 
a 7B87 Time Bas^ With Pretrigger Acquire Clock in the B HORIZ compartment. 

Perform steps 3 through 8 of the procedure for Obtaining a Scope Display. 



Now set the 7B37 to the single-sweep mode. (Refer to the 7B87 Instruction Manual 
for more detailed operating information for the 7B87 Time Base With Pretrigger 
Acquire ClockT 



Press 

tSTOREDi 



Display 



Comments 




Stored display at power- 
up. 




The display is blanked 
and the BUSY indicator is 
lit while the processor 
awaits the triggered 
sweep. 
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ACQUIRING A SINGLE SWEEP WAVEFORM {Cont) 



Press 

7BS7 Single 
Sweep Reset 
Pushbutton 



Display 




Comments 

Stored single-sweep 
calibrator signal and 
ADS mnemonic are dis- 
played. AQS WARNING 
is issued if more than 5% 
contiguous points are not 
filled. 



AQS Operation: The processor uses real-time sampling (see Fig 5-3) to sequentially 
sample and store 512 points of the single-sweep waveform unless the command Is 
prematurely terminated by use of the rear-panel AQS ABORT pushbutton. The 
processor will not accept any other commands during AQS execution (vyhich includes 
waiting for the single-sweep trigger). 

If fewer than 512 points have been stored when the command is terminated, the 
stored points are right- justified on the display and the remaining points are 
displayed at the value of the first stored point. If no points have been sampled when 
the command is terminated, all points are set to and displayed at the vertical zero 
reference level. 
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Figure 5-3. The single-sweep input signal is sequentially sampled and each point is 
displayed as it aetuatty occurred. 
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ACQUIRING A SINGLE-SWEEP WAVEFORM (Cont) 

NOTE 

This command can be prematureiy terminated onty with the rear-panef 
AQS ABORT pushbutton, 

AQS Restrictions: No more than two real-time waveforms may be selected 
for display and no plug- in chop display modes are permitted prior to execution of 
the AQS command. Also the B HORIZ compartment must contain a properly 
adjusted 7B87 Time Base with Pretrigger Acquire Clock that is selected for display. 
AQS ERROR is issued If either restriction is violated. 



NEXT EXERCISE BEGINS WITH POWER-UP 



STORED CHARACTER DISPLAY 

With the 7854 In the STORED or BOTH display modes, the alphanumeric character 
information displayed by the crt is provided by the processor. In addition to the stored 
waveform scale factors, data and status messages from the processor are also 
displayed. Each data message or scale factor is displayed in a specific fixed field (see 
glossary) assigned to that item. The graticule area is formatted into 1 6 display lines 
(numbered 1 through 1 6, top to bottom) of 40 characters each. Each field is assigned a 
maximum number of characters, and is not necessarily unique with respect to data 
assigned. A typical character display in the STORED mode is shown in Figure 5-4. 
Refer to this illustration throughout the following discussion. 




Figure 5-4. Typical character display of STORED mode. 
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OPERATIONAL WAVEFORM STATUS 

Information displayed in the top division of the graticule {line ^#1) pertains to the 
operational waveform (OPW) and consists of four fields. The first field of line #1, 
OPW 0. indicates that the operational waveform is from waveform memory address 
number 0. The second field, VZR -1< indicates that the waveform's vertical zero 
location is one division below the center horizontal graticule line. The third and 
fourth fields are the scale factors which were stored with the waveform {vertical 
deflection factor and horizontal sweep rate as supplied by the plug-in units), and are 
usually displayed with scale factor units {e.g., V or S). 



CURSOR STATUS 

When cursors are on, cursor coordinates, are displayed in display line #1 5. {See Fig. 
5-4.) If one cursor is on, the coordinates given are those of Cursor 1 . The first field 
of this line. VCRD= -23.76mV, is the vertical coordinate of Cursor 1 measured 
from the VZR and given in scale factor units. The second field, HCRD- 3.66/iS* is 
the horizontal coordinate of Cursor 1 measured from the start of the waveform and 
given in scafe factor units. With both cursors on, the coordinates given are those of 
Cursor 2 relative to Cursor 1. This is indicated by the A (delta) in AVCRD- and 
AHCRD= (called relative coordinates)* If the cursors are off, this line is blank. 



STACK AND PROCESSOR STATUS 

The contents of the Y and X stack registers and status messages are displayed in the 
bottom line of the display. (The operand stack is discussed in detail in Section 6, Using 
the Waveform Caicuiator). The first two fields of this line are the contents of the Y and X 
stack registers. (For all practical purposes, the contents of the Y register, which usually 
contains the last contents of the X register, can be ignored while operating the Option 
00 instrument). Status messages comprise the remaining fields of this line. These 
messages include the mnemonic of the command just executed or of the command now 
executing; plus the execution status messages of BUSY, WARNING, ERROR, STOP IN, 
END, and PL XXX. {See Programming in section 6 for explanations of the STOP fN and 
PL XXX mesages). 



NUMERIC DISPLAYS 

All numeric displays in the STORED mode {except scale factors, which have been 
previously formatted by the plug-in units) adhere to the general format of: 

<sign><mantissa><exponent^ 

The sign is displayed only for negative numbers (-}. and is blank for positive 
numbers. A zero value is displayed as 0, and up to four mantissa digits in the range 
of 1 .000 through 999.9 are displayed. 
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If the number is within the range of 1.000 * 10"^^ through 999,9 * 10^^, a letter 
exponent is displayed. See Table 5-1. Numbers outside the range for letter 
exponents are displayed in the form: 



<sign><mantissa>E<esign><^evalue> 



where the esign is ^ if the exponent is positive and if negative, and the evalue is 
displayed as a two-digit integer, multiple of 3. 



TABLE 5-1 
Letter Exponents 



Multiplier 


Prefix 


Symbol 


10'^ 


pico 


P 


10-^ 


nano 


n 


10-® 


micro 






mi Hi 


m 


10^ 


kilo 


K 


10^ 


mega 


M 


10^ 


giga 


G 


10'^ 


tera 


T 
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CURSORS EXERCISE 

Cursors are one or two specially identified points of the operational waveform. 
When the cursors are on, their position on the waveform is identified by intensified 
points, and their vertical and horizontal coordinates are displayed on the crt* (See 
Stored Character Display for more information on the cursor coordinates, 1 The 
cursors are also used to define portions of the operational waveform for waveform 
and pulse parameter measurements. 

The cursor control keys are located at the lower right edge of the 7354 
measurement keyboard (see Fig. B, block 3), The following exercise only illustrates 
the function and operation of the cursor control keys. Effects of cursor status and 
position on waveform parameter commands are illustrated by performing the 
exercises given later in this section under Waveform Parameter Measurements. 



POSITIONING THE CURSORS 

Perform the procedure for Obtaining a Scope Display given in Section 4, Display 
Mode Information. 



Position the CALIBRATOR signal so that the first positive-going pulse starts at the 
second vertical graticule line, and the baseline is one division below the center 
horizontal graticule line. 



Set the STORED INTensity control to quarter range. 



Press 

I AVG10 i 



Display 




Comments 

Calibrator signal and 
scale factors are stored. 



Exercise continues on next page 
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POSITiONING THE 
Press 
istqre'dI 



W lcrsij 



To move Cursor 1 

Press 
[CRS1 >1 



CURSORS (Cent) 
Display 



DPw! 




VZH 


B ! 






3 




£f S^5 










! 




















' 1 








































































i 


J 


1 1 




i 








j 




1 




1 


( 


J wj 




> 







Comments 

Stored caMbrator signal is 
displayed. 



OPW 


9 


yzB 


e 




! 
























































































I 




































VCRD 


■ 

B 


B99.M HCBO 

0 WFM , 


8S 







Cursor 1 is turnedon. 
Cursor 1 appears at left 
edge of display if it has 
not been moved since the 
7854 was turned oa 
otherwise it appears at its 
last positioned horizontal 
location. Cursor coordin- 
ates are displayed in line 
#15. 



to the right: 



Comments 

Cursor 1 moves right. 
Notice how the co- 
ordinate readings change 
to reflect the new 
position of the cursor. 
CRS WARNHMG is 
issued when Cursor 1 
reaches the end of the 
waveform. 
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POSITIONING THE CURSORS (Com) 

NOTE 

For a// manual cursor positioning keys^ the initial actuation moves the 
designated cursor by one point, if you continue to hold the key down, 
the cursor begms continuous movemeni accelerating across the 
display. When the key is released, cursor movement is immediately 
halted. 

To move Cursor 1 to the left: 

Press Comments 

fCRSI Cursor 1 moves to the 

left. Notice the change 
in cursor coordiriate read- 
ings. CRS WARNING is 
issued when Cursor 1 
reaches the start of the 
waveform. 



To turn on both cursors; 



Press 
ICRS2 II 



Display 



Comments 



OPW 


9 


vzn a 


2V 












































■ 










1 






















































.VCftD = 


D4 mU 

a 


a WF 


, HCRD = 

M ■:rfS3 ■ T' 


3.27E me 

i 





Turns on Cursor 2. 
Relative cursor coordin- 
ates e^cpress the differ- 
ence between Cursor 2 
and Cursor 1 (identifiable 
by A). 



Exercise continues on next page 
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POSITIONING THE CURSORS (Cont) 

Position Cursor 1 to the third vertical graticule line. 



To move Cursor 2 left: 

Press 
LICR 52-^11 



To move Cursor 2 right; 

Press 

|CRS2>1 



To turn off the cursors: 

Press 

(offI 



Comments 

CRS WARNING is 

issued when Cursor 2 
reaches Cursor 1 . Cursor 
2 cannot be positioned 
before Cursor 1 on the 
operational waveform. 
Notice that the relative 
coordinates read 0V and 
0S indicating both 
cursors are positioned at 
the same point. 



Comments 

Cursor 2 moves to the 
right. CRS WARNING is 
issued when Cursor 2 
reaches the right edge of 
the graticule. 



Comments 

Turning the cursors off 
does not change their 
horizontal location. Verify 
this by pressing rCR$2-1| . 
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POSITIONING THE CURSORS (Com) 



After turning on both cursors, position Cursor 1 
Cursor 2 to the center vertical graticule line. 


to the left edge of the graticule and 
Then: 


Press 


Comments 


1CRS1>I 


Notice that as Cursor 1 
passes through the 
center vertical graticule 
line ft picks up Cursor 2 
and both move toward 
the fight. 


ICRSI <1 


Move Cursor 1 at least 
one division to 
the left of Cursor 2. 


ICRS2^l 


CRS WARNING is 

issued when Cursor 2 
meets Cursor 1 . Notice 
that Cursor 2 cannot pick 
up Cursor 1 . 


fOFFH 


Turn cursors off. 



NEXT EXERCISE BEGINS WITH POWER-UP 
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WAVEFORM PARAMETER MEASUREMENTS 

The keys located in the WFM PARAMETER block at the left of the measurement 
keyboard (see Fig. B. blocks 1 and 2) cause the processor to compute various scaler 
parameters of the operational waveform. Basical !y^ two types of parameters are 
computed: amplitude parameters (with the MAX, MIN, P-P, MID, MEAN, RMS. AREA, 
and ENERGY commands) and time parameters (with the PER, FREQ, DELAY, WIDTH, 
RISE and FALL commands). Cursor status and position affect the calculation of these 
parameters. 

The following exercises only illustrate the function and operation of the WFM 
PARAMETER keys. Refer to Section 9, Command Language, for the specific 
algorithm used for each computation. 



MAKING AMPLITUDE- PARAMETER MEASUREMENTS 

Perform the procedure for Obtaining a Scope Display given in Section 4, Scope 
Display Mode information. 

Set the input coupling swatch of the LEFT VERT amplifier unit to ground. Position 
the trace one division beiow the center horizontal graticule line. 



Press I GND 1 to set the ground reference level for all measurements made in this 
exercise. 



NOTE 

ff the G/VD is not set the measurements wiU be taken with reference to 
the center horizontal graticule Hne and not necessarily with reference 
to the 0-vo/r levei of the waveform. 

Return the input coupling switch of the LEFT VERT amplifier unit to dc. 



Horizontalfy position the CALIBRATOR signal so that the first positive-going pulse 
starts at the second vertical graticule line. 



Set the STORED INTensity control to quarter range. 

NOTE 

Cursor status and position affect all voltage parameter measurements 
as follow SI (1j With both cursors off, the measurement spans all stored 
waveform points\ (2) with Cursor I on, the measurement spans from 
(and including) Cursor f to the right end of the waveform; and (3) with 
both cursors on, the measurement spans between fand including) the 
cursor points. 
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MAKING AMPLITUDE -PARAMETER MEASUREMENTS (Gont) 



Press 

1AVG10I 



Display 



zv 




50(7 juS 




















j 






^1 ' 








' 1 , - ^ , 














5il.F. 


TESl 


r COMPLETE 1 















Comments 

The calibrator signal is 
averaged 10 times and 
stored in waveform 
memory. 



(STORED) 




Return to the STORED 
display mode. 



To measure the MAXimum value of the waveform: 



Press 

IIma^ 



Display 



Comments 



DPW 0 vtH -0.^97 2 V 



Lnojuir 

I : i 



0WFM 4,2*9 MATH 



The maximum value {the 
stored waveform's most 
positive point relative to 
the VZR) is returned to 
the X register field and 
the MAX mnemonic is 
displayed. [The unit of 
measurement isthe 
same as the vertical scale 
factor unit,) 



Exercise corttinues on next page 
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MAKING AMPLITUDE- PARAMETER MEASUREMENTS (Com) 
To measure the MINimum value of the waveform: 



Press 




Display 



Comments 





s 


VZR 


0,397 


zu 


EiDS^Si 
























































4.245 


[ 1 

) 7,3i4m 




1 



Th e m in i m u m val ue {the 
stored waveform's most 
negative point relative to 
the VZR) is returned to 
the X register field and 
the MIN mnemonic rs 
displayed. 



To measure the Peak-to-Peak value of the waveform: 



Press 

CEE) 



Display 



Comments 





6 


VZR 


0»9S7 




Z 


IV 




















































































1 


1 


















1 


1 


















1 

7.32j 


1 

h" 




*.2*i 


t V 


■P 







The peak-to-peak value 
of the stored waveform 
is returned to the X 
register field and the 
P-P mnemonic is 
displayed. Notice that 
the P-P value is the 
difference between 
MAX and MIN. 



To measure the MIDdle value of the waveform: 



Press 

CmTo) 



Display 



Comments 



OPW 


e 


vzn 


-0.997 


2 


V 


SB0^S 














































































































4, 


Z4Z Z 


.13B MID 







The middle value is 
returned to the X register 
field and the MID 
mnemonic is displayed. 
The MID value is halfway 
between MAX and MIN. 
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MAKING AMPLITUDE -PARAMETER MEASUREMENTS {ContJ 

NOTE 

When taking the MEAN and RMS measurements, turn on and pasdhn 
the cursors to span an integer number of cydes. For the foUowing 
exampies we have arbkrarify chosen to span three cycles. 



To measure the MEAN value of the waveform: 



Press 



Display 



Comments 



ICRS2-11 
[CRS1> 1 
ICRS2< I 




Turn on and position the 
cursors as shown. 




The algebraic mean value 
of all spanned waveform 
points is returned to the 
X register field and the 
MEAN mnemonic is 
displayod. (See Section 9< 
Command Language, for 
the specific algorithm.) 



To measure the Root-Mean-Square of the waveform: 



Press 

IIRMSII 



Display 



Comments 



QRW e 


VZH -fi 


■ 9E}7 




V 5 


BBjjS 


















1 ^ i 


\ 














J 


















! 






h 














AVCfll 

J 


] = B.iiii 


tmV 

3.9E 


AHCfiD = 
4 RMS 


3.fl47mS 

^ ! 





The root-mean^square 
value of all spanned 
waveform points is 
displayed in the X 
register field and the 
RMS mnemonic is 
displayed, (See Section 9, 
Command Language, for 
the specific algorithm.) 
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MAKING AMPLITUDE -PARAMETER MEASUREMENTS (ContJ 

NOTE 

When taking AREA and ENERGY measurements turn on and position 
the cursors to spar^ one cycie of the waveform. 



To measure the AREA under the waveform: 



Press 

[cRsr>i 






Display 



Comments 



GPW 


B Vifl -0,&& 


y 






2.V 


! 








































1 


r 


















J 


1 
















































/ivcno - 

j 2.B1 


-IB.'Bfttrrv 

p 


AHCRD • 
2JBS* CRST 






Position Cursor 1 as 
shown. 



The area under all 
spanned waveform points 
is returned to the X 
register field and the 
AREA mnemonic is 
displayed. (See Section 9, 
Command Language, for 
the specific algorithm.) 



To measure the ENERGY under the waveform: 



Press 



Display 



Comments 



lENERGYl 




The energy under all 
spanned waveform points 
is returned to the X 
register field and the 
ENERGY mnemonic is 
displayed. (See Section 9, 
Command Language, for 
the specific algorithm,) 



NEXT EXERCISE BEGINS WITH POWER-UP 



@ 
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MAKING TIME- PARAMETER MEASUREMENTS 

NOTE 

For the foi lowing measurements, if a point is not focated specificaffy at 
the designated crossing level the processor estimates the horizontal 
crossing location using linear interpoiation between the two points 
adjacent to the crossing lev eh 

Perform steps 1 through 3 of the procedure for Obtaining a Scope Display given in 
Section 4. Scope Display Mode Information. 

Set the B HORIZ time-base unit to 0.5 microsecond/division and triggering to auto 
mode with ac coupling from the internal source. Set the sweep magnifier to the XI 0 
position. 

Rotate the B INTENSITY control until the trace Is at a desirable viewing level 

Connect a square wave of approximately 2.5 megahertz from a function generator 
(recommended type; TEKTRONIX FG 503 Function Generator with TM 500 Power 
Module) to the input of the LEFT VERT amplifier unit. (Match impedances if 
necessary.) 



Set the LEFT VERT amplifier deflection factor and the function generator output 
amplitude to display a signal of 4 divisions amplitude on the crt. 

Adjust the B HORIZ lime-base triggering controls for a stable display triggered on 
the negative-going slope. 

Adjust the B HORIZ position control and the function generator output frequency to 
obtain a display similar to that shown below for [ AVG 1 00 ] . 



Set the STORED INTensity control to quarter range. 



Press 

IAVG1B0I 



Display 




Comments 

Store the pulse. 



Exercise continues an next page 
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MAKING TIME -PARAMETER MEASUREMENTS (Cont) 

Press Display 

IStorTdI 




Comments 

Display the stored pulse. 




Turn on and possiion the 
cursors as shown at the 
left. 



For the iime-parameter functions the processor computes the 
horhontat spacing between identified feveis of the operational 
waveform whose vertica/ positions iwve certain specified vaiues fi.e., 
base fine, 50% tevef, pulse top, etc.}. These points and the 
corresponding measurements are if fust rated in Figure 5-5, Refer to 
this figure throughout the f of/owing instructions. Always, for the time- 
parameter functions, the baseline and puise top are identified by 
Cursor I and Cursor 2 respectively. If the cursors are off. Cursor I (and 
therefore the baseline) is assumed to be at the left edge of the 
graticule, and Cursor 2 /the pulse top) at the right edge. If several 
pulses are displayed. Cursor 2 also identifies the pulse to be measured. 
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MAKING TIME-PARAIVIETER MEASUREMENTS tCont} 




Figure 5-5- Time-parameter relatianships- 



Measuring a Pulse 

To measure the RISE time of the pulse: 



Press 

IIRISFH 



Display 



Comments 




Dpw a 


vzH a w 




.»nS 




1 


1 1.. 








^ 1 












■1 ^ 








/ 1 










AucnD^4.aa9v ^ 

0 S4.eQ] 


^ liHCftl 

n msf 


a zea^ns 





The rise time is returned 
to the X register field and 
RISE mnemonic is 
disp] ayed. 



RISE Operation: The time between the 10% and 90% leveis adjacent to the closest 
50% level before Cursor 2 is returned to the X register, 

RISE Restrictions: If both cursors are on, the AVCRD must not be within: ±f6E- 
04) * (vertical scale factor), prior to executing the RISE command, RIS ERROR is 
issued if the restriction is violated. 
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MAKING TIME PARAMETER MEASUREMENTS (Cent) 
To measure the FALL time of the pulse: 



Press 



Display 



Comments 



w rmni 




The fall time is returned 
to the X register field 
and FALL mnemonic is 
displayed. 



FALL Operation: The time between the 90% and 10% levels adjacent to the first 
50% level following Cursor 2 is returned to the X register. 

FALL Restrictions: Cursor 2 must be on and the waveform must cross the 90% and 
10% levels after Cursor 2, Also, the AVCRD must not be within: ±(6E-04) ^ (vertical 
scale factor), prior to executing the FALL command. FAL ERROR is issued if either 
restriction is violated. 

To measure the DELAY of the pulse: 

Comments 

The delay time is returned 
to the X register field 
and DELAY mnemonic is 
displayed. 



Press Display 




DELAY Operation: The time from Cursor 1 to the closest 50% level before Cursor 2 
is returned to the X register. 

DELAY Restrictions: If both cursors are on, the AVCRD must not be within: ±{6E- 
04) * (vertical scale factor), prior to executing the DELAY command. DEL ERROR is 
Issued if this restriction is violated. 
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MAKING TIME -PARAMETER MEASUREMENTS (Cont) 
To measure the WIDTH of the pulse: 



Press 
(WIDTH 1 



Display 



Comments 




The width Is returned to 
the X register field and 
WIDTH mnemonic is 
displayed. 



WIDTH Operation: The time from the closest 50% level before Cursor 2 to the 
closest 50% level after Cursor 2 is returned to the X register. 

WIDTH Restrictions: Cursor 2 must be on and the waveform must cross the 50% 
level after Cursor 2. Also, the AVCRD must not be within: ±(6E-04) =K|vertlcal scale 
factor), prior to executing the WIDTH command. WID ERROR is issued if either 
restriction Is violated. 



Measuring A Pulse Train 

Set the B HORIZ time-base time/ division to 2 microseconds/division and the sweep 
magnifier to the XI 0 position. 



Press 
I AVG1001 



Display 




Comments 

Store the pulse train. 



Exercise continues on next page 
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MAKING TIME- PARAMETER MEASUREMENTS (Cont) 



Press 

IICRS1~B 

II 



Display 



Comments 




Position the cursors 
approximately as shown. 



To measure the I 



Press 

IliffTTl 



Comments 




The processor requires a 
vertical level of the 
waveform to be in the X 
regi ster prio r to executing 
the (PER ) , Si nee the 
MID is convenient, we 
have placed it in the X 
register. 





The period is returned to 
the X register and PER 
mnemonic is displayed. 



PER Operation: The time between the first crossing of the waveform across the 
level specified in the X register to the next crossing of the specified level, in the 
same direction, is returned to the X register. 

The search for the crossing begins at the left end of the specified interval. Any place 
where the waveform touches the crossing level, but does not actually cross, is detected 
as a crossing in either direction. 
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MAKING TIME-PARAMETER MEASUREMENTS (Cont) 

PER Restrictions: The X register must contain a constand representing a vertical level 
v^hich the waveform crosses twice in the same direction {either positive-going or 
negative-going), between the cursors if they are on. PER ERROR is issued if the 
restriction is violated. 



To measure the FREQuency of the pulse train first: 



Press 

IMEANI 



Display 



Comments 




The processor requires 
a vertical level of the 
waveform to be in the 
X register prior to 
executing the FREQ 
command. In this 
example we have used 
the MEAN level. 




The frequency is returned 
to the X register and 
FREQ mnemonic is 
displayed. 



FREQ Operation; The processor computes the period, as described above, then 
returns the reciprocal of the period to the X register. 

FREQ Restrictions: The X register must contain a constant representing a vertical 
levei which the waveform crosses twice in the same direction. FRE ERROR is 
issued if the restriction is violated. 



NEXT EXERCISE BEGINS WITH POWER-UP 
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BOTH DISPLAY MODE 

The BOTH display combines the real-time waveform{s) of the SCOPE mode end the 
stored waveform and character display of the STORED display mode. The real-time 
waveform of the BOTH mode is controlled by the associated plug-in units and the 
stored waveform and character display is controlled by the processor. This display 
mode is used primarily for the comparison of real-time and stored waveforms* 



SELECTING THE BOTH DISPLAY MODE 

Perform the procedure for Obtaining a Scope Display given in Section 4. Scope 
Display Mode Information. 

Position the CALIBRATOR signal so that the first positive-going pulse starts at the 
second vertical graticule line, and so the baseline is at the center horizontal 
graticule line* 



Set the STORED INTensity control to quarter range. 



Press 

IAVG1B0I 



Display 





2V 
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i 
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1 
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! 




SEIF 


■rest 














COMPlETt 














1 

i 






" i 
; 1 









Comments 

Average and store the 
calibrator signal. 



Reposition the real-time CALIBRATOR signal so that the pulse tops are one division 
below the center horizontal graticule line* 



Set the time-base unit in the B HORIZ compartment to 1 millisecond/division. 



Press Display 




Comments 

Both the real-time 
CALIBRATOR signal and 
the stored calibrator 
signal are displayed on 
the crt. Character infor- 
mation is the same as 
previously described for 
STORED display; no 
real-time readout from 
the plug-in units is 
displayed* 
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SELECTING THE BOTH DISPLAY MODE (Cont) 

NOTE 

fn aU display modes of the Option 0D instrumenl all commands in the 
WfM ACQUISITION, WFM PARAMETERS, and CURSORS blocks on 
the 7854 measurement keyboard, function as previously described. 
The real-time waveform is controlled by the plug-ln units as described 
in Section 4, Scope Display Mode Information. 



NEXT EXERCISE BEGINS WITH POWER-UP 
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Using the 
Waveform Calculator 



The Waveform Calculator keyboard provides accessibifity to increased processing 
capabilities for stored waveform manipulatiori and measurement, and for numeric 
computations. And in addition to the three display modes available with the 
measurement keyboard the Waveform Calculator provides command programming 
which allows a repetitive command sequence to be performed automatically by the 
processor. 

This section builds upon the Information presented in sectjons 1 through 5 of this 
manual and should be read In sequence. 

This section discusses only the increased capabilities available with the Waveform 
Calculator and is divided into two subsections; 

1 . Stored Display Mode Information — additional information pertaining to the 
STORED display mode using the Waveform Calculator; and 

2. Programming — a discussion of programming using the Waveform Calculator, 
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STORED DISPLAY MODE INFORMATION 

In addition to displaying real-time waveforms and readout (as described in Section 
4, Scope Display Mode Information), the crt can display various aspects of the 
processor's data memory— stored constants, stored waveforms, operational 
waveform (OPW) scale factors, operand stack contents, and program status — in the 
STORED display mode. Also, the BOTH display mode is available for comparing 
real-time and stored waveforms. The Waveform Calculator keyboard is the primary 
port to input operands and programs to the processor, and operates similarly to 
hand held programmable stack-oriented calculators using Reverse Polish Notation 
(RPN). (Programming is explained under Programming later in this section.) 



This subsection has been divided further into Mathematical Calculations and 
Waveform Processing. Stack operation, processor operation (RPN), and numeric 
functions and limitations are explained under Mathematical Calculations. Waveform 
Processing explains waveform storage, data memory, and waveform manipulation. 



MATHEMATICAL CALCULATIONS 

Plug-in units are not necessary when only mathematical calculations are to be 
performed, since only the Y and X register fields (on the STORED or BOTH display) 
are observed during execution of mathematical functions. 



OBTAINING A STORED DISPLAY 
WITHOUT WAVEFORMS 

Although mathematical calculations can also be performed and observed in the 
BOTH display mode, the STORED display mode is used here. To enter the STORED 
display mode: 



1 , Connect the Waveform Calculator to the 7854 Oscilloscope mainframe (POWER 
switch off) as described under Installation in Section 1, Introduction. 



2. Connect the 7854 (POWER switch off) to a power source that meets the voltage 
requirements of the instrument. If the available line voltage is outside the setting 
limits of the LINE VOLTAGE SELECTOR switch (on the mainframe rear panel), 
see Operating Power Information under Installation in section 1 . 



@ 
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OBTAINING A STORED DISPLAY WITHOUT WAVEFORMS (Cont) 

3. Set the front-panel controls as follows: 



GRAT 1LLUM 

READOUT Intensity .,..*.**-** 
STORED INTensilv 

A INTENSITY 

FOCUS 

B INTENSITY 

POWER 

CALIBRATOR 

VERTICAL MODE 

A TRIGGER SOURCE 

HORIZONTAL MODE 

VERT TRACE SEPARATION (B) 
8 TRIGGER SOURCE 



Fully counterclockwise 

Quarter range 

Fully counterclockwise 
Fully counterclockwise 

Midrange 

Fully counterclockwise 
........On {locked in) 

...4 V 

LEFT* 

VERT MODE 

B* 

Midrange 

......... VERT MODE 



*These controls are automatically set to the specified positions at power turn on. See 
Power'On Conditions in section 1. 



4. Press the rSTQRED^ key on either keyboard. {Identically named keys on the 
measurement and Waveform Calculator keyboards perform the identical 
function.) 

5. Adjust the READOUT intensity control until the readout is at a desirable viewing 
level {about quarter range). 



THE STACK 



The stack is a special storage structure primarily used to provide operands for 
commands, and as the target for results from the processor. The displayed Y and X 
registers are two of the five data registers which constitute the stack. These 
registers have been labeled W, T, Z, Y, and X, and are pictorial ly represented as: 



REGISTER 

NAMES 



w 


T 


Z 


Y 


X 


4.1M 


25 K 


9.45 


0 WFM 


-1 







REGISTER 

CONTENTS 



Displayed in STORED mode as the 
first two readout fields of the bottom fine. 
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Each stack register may contain either a numerical constant {displayed in numeric 
format) or a waveform memory address (displayed as n WEM). (The actual 
waveform data remains in the designated waveform memory,) All data flow into and 
out of the stack is via the X register. 

To accommodate a new data item, the previous contents of each register is first 
moved to the next register left, then the new data is entered into the X register. This 
is called '"pushing the stack" and is illustrated in Figure 6-1 B and C. 

When a new data item is required from the stack, the stack is '"popped" as shown in 
Figure 6-1 D and E. First, the data item in the X register is '"popped" to the 
processor, then the data in the remaining stack registers is copied into the next 
register right. Notice that the contents of the W register remains unchanged. 



NUMERIC ENTRY 

Numbers are entered in the stack via the X register, by pressing the numeric keys 
(Q. i EEX 1 , and through Q] ), just as though you were writing on a 

piece of paper. The decimal point must be keyed in if it Is part of the number: 
however, any additional decimal point entered after the first will be ignored and a 
warning' will be Issued. Any sequence of digits, up to a total of twelve characters, 
may be entered as a mantissa: but the processor will ignore any additional digits 
entered and will issue a warning'. 

Initially the mantissa is positive, but CHS (Change Sign) commands can be issued at 
any time during the mantissa entry. Any number of CHS commands may be issued 
during entry of the mantissa and each will reverse the existing sign of the mantissa. 
Mantissa entry is terminated by EEX (Enter Exponent), ENTER, or any non-numeric 
command (except CHS. RUN, STEP. STOP, or PAUSE)* 

When working with numbers which are either too large or too small for the normal 
mantiss a limits ^ using an exponent is particulary advantageous. To enter an exponent, 
press [ EEX | following mantissa entry or a non-numeric command, and key in the 
desired exponent. (If a mantissa is not entered prior to an EEX command, a default 
mantissa of " 1 " is assigned and displayed). Any number of digits may be entered for the 
exponent, but only the last two are retained by the processor. Decimal points or addi- 
tional EEX commands issued during exponent entry are ignored by the processor and a 
warning! [5 issued. The exponent sign is Initially positive, but any number of CHS 
commands may be issued at any time during exponent entry to reverse the existing 
exponent sign. Exponent entry is terminated by the ENTER command or by any non- 
numeric command except CHS, RUN, STEP, STOP, or PAUSE. 



^The warning message of XXX WARNING is not displayed for this warning. 
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A. The Stack. 












W 


T 


Z 


Y 


X 




4-1 M 


25K 1 


9,45 


0 WFM 


-1 




B. Pushing 


a new data item (3.414) into the stack. 






W 


T 


Z 


Y 


X 


1 


1 

T11V1 


1 

25K 

1 


9.45 . . . . 0 


1 

WFM . . . 

1 


^ 1 . 


C, The stack after being pushed Notice that the original 
contents of the W register are lost. 




W 


T 


2 


Y 


X 




25K 


9.45 


0 WFM 


1 


3.414 




D Data item (3.41 4) Is popped to an outside target as required 
by the processor. 




W 


T 


Z 


Y 


X 




2SK— ] 25K 9.45 .... 0 WFM - 

1 ^ ^ 


j ..... 3.4 j 4 ^ Processor 


E. The stack after being popped. Notice that the contents of the 
W register remain unchanged, but its data has been duplicated 
in the T Register. 




W 


T 


Z 


Y 


X 




25K 


25K 


9.45 


0 WFM 


-1 
















2873 44 



Figure 6-1. A demonstration of stack '"pushing" and "popping". 
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When numeric entry is terminated, the mantissa is rounded to a maximum of four 
significant digits within the range of 1 *000 through 999.9, and the exponent is 
displayed as a letter if within the range of 10^^ to 1 2T^^. At this point, the value of 
the number is: 



(displayed exponent) 

(rounded mantissa)* 10 



The iocation of the keys demonstrated in the following exercises are shown in 
Figure D, blocks 2 and 8 at the front of this manuaL 



KEYING IN NUMBERS 

Perform the procedure for Obtaining a Stored Display Without Waveforms given 
earlier in this section. 

Operands are keyed into the X register by pressing the numeric keys in the 
sequence used when writing on paper. For example, to key in the number 851 ,25: 



Press 


X Register Field 


Comments 


(J) 


8 


Mantissa sign is blank 
indicating a positive number. 


© 


85 


Successive mantissa digits 


CD 


851 


entered are displayed to the 
right of existing digits. 
Notice that each character is 
generated by the associated 
key. 


a 


851 


The decimal point is entered 
as part of the mantissa. 
Additional decimal points 
issued are ignored and a 
warning^ is given. 


CD 


851.2 


Up to a total of 1 2 characters 
(digits + decimal point) may 


CD 


851.25 


be keyed in* Additional 
characters entered are 
ignored and a warning^ is 
given. 



’The warning message of XXX WARNING is not displayed for this warning. 
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KEYING IN NUMBERS (Com) 

NOTE 

//■ the shift, , command is issued during numeric entry the 

processor wifi biank 5 characters of the X register dispiay to the right of 
the center verticaf graticufe line and will display the F here. The value 
of the number is not affected and the dispiay is returned to normal 
following a command. 



ENTERING NEGATIVE NUMBERS 

To key in a negative number, press the keys for the number, then press 
(Change Sign). The number, preceded by a minus sign (-■), will be displayed in theX 
register. 

To change 851.25 now in the X register to a negative number: 

Press X Register Field Comments 

fCHS I -851.25 Notice that only the minus 

sign is displayed; positive 
numbers do not have a 
displayed sign. 

The sign of a number may be changed any number of times, and at any time during 
mantissa entry. 



CLEARING THE X REGISTER 

If a mistak e Is m ade while keying in a number, clear the entire number string by 
pressing (M3 (Clear X Register). Then enter the correct number. 

For example, you have entered “851.25 when you should have entered -814.25: 



Press X Register Field 



Comments 






0 The stack is popped; CLX 

mnemonic is displayed* 



814.25 [CHS ] 



-814.25 The correct number is 

entered. 



NOTE 
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The CLX command does not reset the X register to 0; // merely pops the 
stack, In the example, the 0 came from the Y register. 
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PERFORMING TWO OPERAND FUNCTIONS WITH CONSTANTS 

Two-operand functions are key commands that must have two numbers entered in 
order for the operation to be performed. Examples of two-operand functions are the 
and / arithmetic commands. 



To plai'e two ccm^taiiis inio the .^lack aful perform ati operarion: 

a. Key in the first number, 

b. Press [ HNThR ] rfj separoie the fit's t tonstani from the second, Ihe 
first con slant may, if necessary, he rounded hy the processor at this 
time. 

f. Key in the second nimiber, 

d, press the arithmetic function to perform the operation. 



NOTE 

When a function key is pressed the processor (if not busy) immediate iy 
executes that function. 



To illustrate, add 12 and 13 by pressing (T} , CD , I ENTER) . (T) . Q] . and 
m . Notice that the stack is popped twice to remove the operands 13 and 1 2* The 
result of 25 is then pushed to the X register. 



The other arithmetic functions are similarly performed. 



NOTE 

Hereafter in this manual when numbers are entered into the stack they 
wi/f not be represented as individual keystrokes. 



To Perform: 


Press: 


Q 


X Register 


25 - 13 


25 rENTER 1 13 


12 


13 * 3 


13 (ENTER ) 3 


S 


39 


12/4 


12 ( ENTER) 4 


(Z) 


3 



@ 
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Arithmetic Function Operation 

+: The contents of the Y register is added to the contents of the X register; result is 
returned to the X register. 

The contents of the X register is subtracted from the contents of the Y register; 
result is returned to the X register. 

The contents of the X register is multiplied by the contents of the Y register; 
result is returned to the X register. 

/: The contents of the Y register is divided by the contents of the X register; result is 
returned to the X register. A warning^ is issued if the divisor is 0 and the result is set 
internally to the largest representable binary number and displayed as eight asterisks 
preceded by the appropriate sign (i.e., ± **). 



PERFORMING CHAIN CALCULATIONS 

During chain calculations only one operation at a time is performed, and the results 
are displayed as you calculate. The stack stores the intermediate results until 
needed, and then inserts them into the calculation. This makes all comptex 
calculations merely a series of one- and two-operand functions. 

For example, solve (9 + 5) / 2 = 



If you were to work the problem on paper you would first ca leu fate the intermediate 
result of (9 + 5). . . 



14/2 



. . .and then you would divide the intermediate result by 2. . . 

14/2 = 7 



To work this problem on the 7854. you proceed the same way. 

Solve for the intermediate result first: 

NOTE 

Press \CLX 1 before proceeding so that your stack display wiU agree 
with that shown in this e^iercise. 



'The warning message of XXX WARNING is not displayed for this warning. 
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PERFORMiNG CHAIN CALCULATIONS (Cont) 

Press Display Comments 

Y Register X Register 
Field Field 



9 0 9 



lENTERl 0 



Enter the first number. 

(The Y register contains 
the results of the last 
function performed.) 

9 Separate the two numbers. 



Notice that when the 
number was being entered it 
was left-justified in the 
X register field, and after 
numeric entry is terminated 
it is right-justified. (ENTER 
mnemonic is displayed.) 

5 9 5 Enter the second number. 

G) 0 14 Intermediate result. (+ is 

displayed.) 



Now solve for the final result: 



NOTE 

The t ENTER 1 does not need to be pressed to separate the 
mtermediate result from the next number keyed In. since the processor 
assumes digits keyed in immediately after performing any functior^ are 
a new entry. 



Press 



2 



G 



Display 

Y Register X Register 
Field Field 



Comments 



14 



The intermediate result is 
pushed to the Y register 
when the new entry is 
made* 



Pressing the function key 
divides the intermediate 
result by the new number 
and returns the result to the 
X register. 



@ 
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PERFORMING CHAIN CALCULATIONS (Cont) 

NOTE 

The results of any mathematical function are displayed in the X 
register field. 

Problems which are even more complex can be solved in the same manner by 
keeping the following rules in mind: 

1, Reduce the problem to a series of one- and two-operand functions. 

2, Separate the numbers of a two-operand function by using the ENTER command 
unless one of the numbers is an intermediate result. 

3, Pressing any function key immediately performs the function. 

4, Intermediate results are accumulated in the stack and inserted into the problem 
on a last-in, first-out basis. 

To illustrate. leTs solve the following problem: 



First, rewrite the problem in a serial fashion of one- and two-operand functions: 



1(1 2* 2.671-4] + 




1(12*2.67)-4S + 12 / (0.707 ^ \, 1>^14 = 



Now solve for the intermediate results: 



Press 



Comments 



12 1 ENTER I 
2.67 (3 4 Q 



The first intermediate 
result of 28.04 is dis- 
played in the X register. 



2 I ENTER I 



The second intermediate 
result of 188.6m is 



.707 I FNTER 1 
15 3 (3 



displayed. Notice that the 
first intermediate result 
IS now in the Y register. 



1.414 (I Sort II 



The third intermediate 
result of 1 ,189 is 
displayed in the X register. 



@ 
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PERFORMING CHAIN CALCULATIONS (Cont) 

Now complete the problem by performing the operations between the intermediate 
results in a right-to-left sequence: 

Press Comments 

□ CD The final result of 27.04 

is displayed in the X 
register. 



NEXT EXERCISE BEGINS WITH POWER-UP 



KEYING IN EXPONENTS 

When working with numbers which are either too large or too small for the 
mantissa limits of 1 .000 to 999.9 , ente r the number using an exponent (power of 
1 0). To enter an exponent, press [ EEX 1 (Enter Exponent) following mantissa entry 
or any non-numeric command. If a mantissa is not entered prior to an | EEX ] 
command, a default mantissa of 1 is assigned and displayed. This is useful when 
keying in exact powers of 10. For example, to key in 1 million simply press 
[ EEX 1 6. 

If more than two digits are keyed in following an EEX command, only the last two 
are retained and displayed. 

The exponent sign can be ch anged any number of times, anywhere during entry of 
the exponent, by pressing [ CHS | . 

Although exponents can be entered as any power of 10, they are displayed as a 
multiple of 3 following termination of the exponent entry state. Exponents between 
the multiplier range of 10"^^ and and 10^^ are displayed with letters, while those 
outside this range are displayed as a 2-digit integer which is a multiple of 3, The 
exponent tetters, listed in Table 5-3, appear directly to the right of the mantissa 
upon termination of numeric entry or after a computation. 

Mul tiply the 1 million previously entered by 1000 by pressing I ENTER 1 , 1000, 
Q. Notice that the exponent is displayed as a G; the processor automatically 
maintained the exponent as a multiple of three by shifting the decimal point. 



When a number resulting from a calculation exceeds 9.999 x 10^^ in magnitude, it is 

displayed as 9 asterisks ( *) preceded by the mantissa sign. When the 

numeric result is equal to or less than 1.000 x 10-^“, it is displayed as 0.000***- 
(preceded by the mantissa sign). In both cases the value is internally maintained for 
use in further caiculations. 
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USING THE STACK 

The STACK commands on the Waveform Calculator allow the user to view and 
rearrange the contents of all registers in the stack. The function and operation of 
these commands (CLS, CLX ROLL, X<>y. and ENTER) are illustrated in the 
following exercises. Also demonstrated are the SORT, EXP, LN, SGW, and ABS 
functions. {See Fig. 0, blocks 2 and 4 for the location of the keys demonstrated in 
the following exercises.) 



REVIEWING STACK CONTENTS 

The ROLL command allows you to review the stack contents or to shift data within 
the stack. 

Perform the procedure for Obtaining a Stored Display Without Waveforms given 
earlier in this section. 

To observe the ROLL function, first load the stack with the numbers 1 through 5 by 
pressing: 

1 , I ENTER 1 , 2, [ ENTER 1 , 3, I ENTER 1 , 4, I ENTER 1 , 5 



The stack is now loaded with the numbers you keyed in and looks like: 



w 


T 


Z 


Y 


X 


1 


2 


3 


4 


5 



Each time the ROLL command is given, the stack contents shift circularly right by 
one register and the contents of the X register is rotated into the W register. 

Press 19 I ROLL 1 and the stack contents are "rolled" to: 



W 


T 


Z 


Y 


X 






Ld 


3 


4 



Notice that only the contents of the registers are shifted; the registers maintain 
their positions. 



Press the |9 I ROLL 1 sequence four more times to return the data to their 
original registers. 
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EXCHANGING X AND Y 

The X^>y {X Exchange V) command exchanges the contents of the X register with 
the contents of the Y register without affecting the other registers in the stack. Fo r 
example, with the data intact from the previous ROLL exercise, pressing [ V > 
changes the stack from this* * . 




to this. . . 





Y 

5 



X 

4 



Pressing f X<>V 1 again will return the numbers in the X and Y registers to their 
original positions. 



CLEARING THE STACK 

To clear all five registers of the stack, press m ( CLS | (Clear Stack). This 
replaces all data contained in the stack with zeros: 



w 


T 


Z 


Y 


X 


lL 


0 


0 


0 





Clearing the stack before starting a new calculation is not necessary since the 
processor will push the stack before entering a new number. 

You can verify that the stack has been cleared by using the ROLL command to 
review the stack contents. 



USING THE ENTER COMMAND 

When a number is keyed in, the stack is pushed and the new number is then 
written into the X register. In order to key in a second number, you must separate 
the digits of the first number from the digits of the second by terminating the 
numeric entry state of the processor. This is done with the ENTER command. 
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USING THE ENTER COMMAND (Cont) 

For example^ key in the number 45 and the stack fooks like: 



w 


T 


Z 


Y 


X 


0 


0 


0 


0 


45 



Press [ ENTER 1 . 

Numeric entry is terminated (as indicated by the right shift of the X register 
contents) and the stack is prepared for a new number. Therefore, when you key in 
the second number of 48 the stack contents change from this. * . 



W 


T 


Z 


Y 


X 


0 1 


1 ® 


0 


0 1 


1 45 


w 


T 


Z 


Y 


X 


0 


0 


0 


45 1 


1 48 



Notice that the stack is pushed at the beginning of numeric entry so that there is no 
need for the ENTER command to also push the stack. However, if the processor is 
not in the numeric entry state when an ENTER command is issued fe.g., an 
arithmetic function key was just pressed), the stack is pushed and the contents of 
the X register remain unchanged. This is usefuf for either performing an arithmetic 
function upon an intermediate result, for maintaining and separating the first 
intermediate results from a second, or for performing a two- operand function when 
the two operands are identical. 



For example, to square 48: press I ENTER" 1 ENTER D. S , and the stack 
changes through this. . . 



w 


T 


z 


Y 


X 


0 


0 




1 48 


48 



to this. . . 



W 


T 


2 


Y 


X 


Jj 


0 


Jj 


1 45 


2.304K 1 
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OBSERVING STACK OPERATION WITH SINGLE-OPERAND 
FUNCTIONS 

Single-operand functions (SORT, EXP, LN, ABS, andSGN ) are performed upon the 
contents of the X register only and not upon the contents of the Y, Z, T, or W 
registers. 

The SGN (Signum) and ABS (Absolute Value) commands alter the operand in the X 
register. The SGN function is most useful when performed on a waveform and is 
used to indicate whether the contents of the X register (constant or referenced 
waveform) are greater than, equal to, or less than zero. These three states are 
indicated b y 1 , 0, and -1, respectively. For example, to obtain the signum of -20: 
press 20, f CHS ] , Q , ( SGN 1 . The result of -1 indicates that the original 
value was less than zero. 



The absolute value of a constant is the magnitude of the constant without reference 
to the sign. To obtain the absolute value of the ^20: press 20, [ CHS] , p ABSH . 
The result of 20 is given in the X register. 

To obtain the square root of a number in the X register, press ( SORT ) . For 
example, to find the square root of 25: press 25, (~S QR T 1 . The result is 5, 



NOTE 

4 SQR WARNING Is issued ft the contents of the X register are negative 
prior to executing the SORT command, and the square root of the 
magnitude is returned. 

To com pute the natural logarithm (log^ X) of the number in the X register, press 
( LNH example, to obtain the natural log of 8: press 8, run . The result is 
2.079, 



NOTE 

A LN WARNING is issued if the contents of the X register is :^0 prior 
to the LN command. 



The exponential function is computed by raising e (2.718) to the power of the 
number in the X register. For example, to compute e®: press 8, 4 EXP ) . The 

result of 2-981 K is given in the X register. 



Exercise continues on next page 
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OBSERVING STACK OPERATION WITH SINGLE-OPERAND FUNCTIONS (Cont) 



The mafhemaikat fumfionx of (x), .v I am/ VT " ^re nal provtded as 
single keysfrftke eomnuinds on rhe Waveform Cah ulatof‘v huf may he 
aceomplishetl using the keystroke sequences outlined he low: 

To compute logh (x): 

a. Key in the v alue of x 
h. Press [ f. . 
f. Key in the v alue of h. 

d Press rry^ 

Press ( / 1 . 

For £*.\ ample, to calculate hg7 (64): press 64 CUD ^ CM] CD 

7b compute x : 

a. Key in the v alue of x. 
h. Press ( 777 ] , 

{\ Key i n th e value of r. 

d. Press t 

e. Press CE32ED' 

For example, to calculate }*: press 3 [ LN] 4 19 [ /- A 7^) . 

7b compute 

a. Key in the v alue of v. 

b. Press ( L , V 1 , 

V. Key in the value of y. 

d. Press 

e. Press [ F\ P ) , 

Fi^r example, to calculate '^J2H : press 128 t TK 1 7 MM (/^ A /M . 
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USING THE CONSTANT REGISTERS 

In addition to accumulation of intermediate results by the stack, fifty constant regis- 
ters (ICO with Option 2D ’) are accessible for the storage of constants. These con- 
stant registers are unaffected by operations occurring within the stack and are 
referenced with address numbers 0 through 49 (0 through 99 with Option 2D '•). 



STORING A CONSTANT 

To Store the number 2.5 in constant register 4: press 2*5, [ ENTER ], 4, 
I >CNS I . 



To .uon‘ a numher m a tonsttmi rcglsur: 

(1. AsVv in ihe const am. 

h. Terminate mimerie entry by pressing ( 1 

c. Key in the register address number (0 through 49, or 0 through 99 
with Option 2D where the constant « to be stored. 

j. /v™ WM ( > ( 1 . 



CNS Operations The contents of the Y register are copied into the constant 
register designated by the address number in the X register, then the X register is 
popped and the constant is displayed in the X register field. 

>CNS Restriction: The contents of the X register (constant register address) must 
be an integer between, and including, 0 through 49 (0 through 99 with Option 2D ^). 



RETRIEVING A CONSTANT 

To copy data from a constant registe r to the X register: first key in the constant 
register address, then press ( CNS ] . To recall the number 2,5 from register 4: 
press 4, ( CNS ] . The stored constant is retrieved and displayed in the X register 
field. 

CNS Operation: The content of the constant register (designated by the address 
number in the X register) is copied into the X register. 

CNS Restriction: Initially the X register must contain a constant which (when 
rounded) is an integer between, and including, 0 through 49 (0 through 99 with 
Option 2D '), 

T Applies only to instruments with serial numbers below B085121. For instruments with 
serial number 8085121 and abover features previously provided by Option 2D are standard. 
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RETRIEVING A CONSTANT (Cont) 

When a number is recalled from a constant register, the register address is popped 
from the stack to the processor, then the contents of the specified constant register 
are copied into the X register (thereby pushing the stack). Therefore, a constant can 
be recalled any number of times without altering it since it is maintained in the 
constant register until overwritten. 

To clear a constant register simply store 0 in it. 



NEXT EXERCISE BEGINS WITH POWEB-UP 



WAVEFORM PROCESSING 

The waveform processor provides the computing capability for the 7854 
Oscilloscope system including scalar arithmetic and functions on either constants or 
waveforms, and waveform scalar parameters and vector functions* This subsection 
demonstrates waveform processing using the Waveform Calculator. 



WAVEFORM MEMORIES AND RESOLUTION 

The memory space available within the processor for waveform storage is a fixed 
amount; however, the utilization of this space is selectable by the operator. By 
setting the points -per^waveform (P/W) value the waveform memories are allocated 
and the stored waveform resolution is selected. The available P/W values (except 
on the Option 0D instrument which is set at 612) are 128, 256, 612, and 1024; all 
stored waveforms are the same resolution at any given time. In addition to 
determining stored waveform resolution, the selected P/W value also determines 
the number of waveform memories available at any given time. The higher the P/W 
value selected, the greater the resolution, but fewer waveforms can then be stored. 
Table 6-1 summarizes the effects of each P/W value on waveform resolution, 
waveform memories, and the stored waveforms. 

Changing the P/W value initiates a major rearrangement of the waveform 
memories such that all stored data and status information contained in waveform 
memory is drastically affected. Prior to a >P/W (Set Points/Waveform) command, 
each waveform memory contains the vertical coordinates of the waveform points, 
the vertical zero reference level, and the scale factors associated with the waveform 
points. 
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TABLE 6-1 
>P/W Effects 


7854 

Version 


P/W 

Value 


Total 

Waveform 

Memories 


Waveform 

Memory 

Addresses 


Waveform 

Point 

Numbers 


Number of 
Points Per 
Horizontal 
Graticule 
Division 


7864 With 
Option 0D 


512 


2 


0-1 


0-511 


51.2 


StantJard 7854 ’ 


128 


16 


0-5 


0-127 


12.8 




256 


8 


0-7 


0-255 


25.6 




512 


4 


0-3 


0-51 1 


51.2 




1024 


2 


0-1 


0-1023 


102.4 


With Option 2D ' 


128 


40 


0-39 


0-127 


12.8 




256 


20 


0-19 


0-255 


25.6 




512 


10 


0-9 


0-511 


51.2 




1024 


5 


0-4 


0-1023 


102.4 



NOTE 

Each venicat division of the stored waveform contains a minimum of 
W2A incrernentaf ievels at which the waveform points can be set. 



The effects of a >P/W command are the following: 

1 . Although the vertical Goordinate of each point is retained in storage, the 
rearrangement of the waveform memories may have made these values 
meaningless in relation to the headers |scaJe factors, vertical zero reference, and 
operational waveform number) with which they are now associated. 

2. The operational waveform (OPW) number of the displayed waveform is set to 0, 

3. All stack registers are set to 0, 

4. An implicit TIME command is executed by the processor. 

5. An implicit CLD {Clear Display) command is executed by the processor. 

NOTE 

The TIME and CLD commands are described under Stored Waveform 
Display later in this section. 

' Applies only te instruments with serial numbers below 6085121. For instruments with 

serial number B085121 and above, features previously provided by Option 2D are standerd. 
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Stored waveform data is not lost until a command is executed which either changes 
the value of the waveform points or of the stored scale factors. Until this occurs, the 
original waveforms can be recovered by issuing another >P/W command to restore 
the originally selected value. However, the stack contents, display status, and OPW 
number are not recoverable. 



WAVEFORM ACQUISITION AND DATA STORAGE 

The Waveform Calculator allows one or two real-time waveforms to be acquired into 
waveform memory with the use of the AQR or AQS commands. To do so, however, 
no more than two real-time waveforms may be selected for display; also, no plug-in 
chop modes are permitted prior to issuing the command. When only one real-time 
waveform ts selected for display it is stored in waveform memory 0. When two 
waveforms are stored in this manner, use the following rules to determine which of 
the selected real-time waveforms is stored in waveform memory 0 {0 WFM) and 
which is stored in waveform memory 1 (1 WFM): 

1 . If the VERTICAL MODE switch Is in either ALT or CHOP to select two real-time 
waveforms for display, 0 WFM is from the LEFT VERT amplifier unit and 1 WFM 
is from the RIGHT VERT amplifier unit. 

2. If the selected amplifier plug-in unit (either LEFT VERT or RIGHT VERT) is in the 
alternate mode, 0 WFM is from channel 1 and 1 WFM is from channel 2 of the 
selected amplifier unit. 

3. If the VERTI CAL MODE switch is in ADO and either vertical amplifier Is in the 
alternate mode to select two real-time waveforms for display, 0 WFM is channel 
t of the alternating amplifier added to the other vertical amplifier input signal, 
and 1 WFM is channel 2 of the alternating amplifier added to the other vertical 
amplifier input signal. 

4. If the HORIZONTAL MODE switch is in either ALT or CHOP to select two real- 
time waveforms for display, 0 WFM is from the B HORlZ time -base unit and 1 
WFM is from the A HORiZ time base. 



Scale factors are stored with the appropriate waveform component whenever 
possible. Refer to the information given under Waveform Storage Considerations in 
Section 5, Using the Measurement Keyboard, for further details on scale factor 
acquisition. 

When using an Average command to store a waveform, remember that only one 
real-time waveform can be selected for display prior to AVG execution. Also, since 
the processor uses 1 WFM memory space as working storage to perform the A VG 
command any waveform stored in 1 WFM wiF be tost unless it is copied into 
another waveform memory usifig the WFM (Copy to Waveform Memory) command. 



@ 
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The following exercises only illustrate the function and operation of the WFM 
ACQUISITION and DATA STORAGE commands {except CNS and CNS) and must 
be sequentiallv performed in order to obtain results simiiar to those shown. (The 
CNS and >CNS commands were previously demonstrated under Using the Constant 
Registers earlier in this section.) Figure D, blocks 10 and 15 shows the location of 
the keys demonstrated in the following exercises. 



OBSERVING THE WAVEFORM MEMORIES AT POWER-UP 

Perform the procedure for Obtaining a Scope Display in Section 4, Scope Display 
Mode Information. 



Position the CALIBRATOR signal so that the first positive-going pulse starts at the 
second vertical graticule line, and so the square wave is centered around the center 
horizontal graticule line. 

Set the STORED INTensity control to quarter range. 



To observe the power-up conditions of the waveform memories: 



Press 
I STOHED I 




Comments 

The power-up condition 
of 0 WFM IS displayed: 

All point values are set to 
0, VZR is set to 0s and 
the scale factors are set 
to IV and 1 S. AH stack 
registers power’Up to 0. 



[~p/w I 




The waveform resolution 
register powers-up to a 
setting of 51 2 as 
presently displayed in the 
X register; therefore, the 
waveform memories are 
organised as presented in 
Table 6-1 allowing 4 
waveforms to be stored 
with the standard 7854 
instrument. 



£x^rc/s& corft/hues on next page 
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OBSERVING THE WAVEFORM MEMORIES AT POWER-UP (Cont) 

NOTE 

Waveform memoffes 0 and 1 f0 WFM and ? WFM} shoufd be used only 
for tfansitory storage of waveforms since ? WFM is used for working 
storage during Average commands and both memories are used to 
store newly acquired waveforms with duahirace acquisition. In 
addition, computed waveforms are always stored in 0 WFM. 

Comments 

The power-up condition 
of 1 WFM is displayed. 
The OPW reading has 
changed to reflect that 1 
WFM is now displayed 
even though the change 
is not perceptible since 
the information in each 
waveform memory is 
identical at this time. 



Press 
1 I WFM J 



Display 




1 0 [WFM 1 




WFM ERROR is issued 
because 10 WFM is not 
a valid waveform 
memory address with the 
present conditions. 



WFM Restrictions: The X register must contain a constant which (when rounded) Is 
an integer from 0 to the maximum waveform memory address availabte with the 
present system conditions prior to executing the WFM commarid. WFM ERROR is 
issued if the restriction is violated. 
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SETTING THE GROUND REFERENCE 

The Waveform Calculator allows setting one or two separate ground reference 
levels, one for waveforms acquired into 0 WFM and another for waveforms acquired 
irUo 1 WFIVIh with a single GND command {see Setting the Ground Reference in 
section 5 for further details). 

To set the ground reference leveJ for waveforms subsequently stored into 0 WFM 
and 1 WFM, first return to BOTH display mode by pressing (Q [ BOTH ] 

Set the VERTICAL MODE switch to ALT, 

Set the input coupling switch of both amplifier units to ground. 

Position the LEFT VERT trace to three divisions below the center hori 2 ontal graticule 
line, and the RIGHT VERT trace to one division above the center horizontal graticule 
line: 



Press 



Display 



Comments 



OPW 


•1 i 


:VIR ! 






V 


V 




IB 






1 


















* 




































! 


1 


















1 


1 
































.1m 


3.D 


07 GhD 









The ground reference 
{vertical zero reference) 
has been set for wave- 
forms subsequently 
stored into 0 WFM and 
1 WFM. 

The ground reference 
setting for 0 WFM is 
displayed in the X 
register and the ground 
reference setting for 1 
WFM is in the Y register. 
These values apply only 
to waveforms acquired 
hereafter, (Perform the 
next exercise, Acquiring 
Two Waveforms, to see 
how these ground 
references are used.) 



GND WARNING is 
issued if the command is 
prematurely terminated 
with a STOP, or if more 
than 5% contiguous 
points are unfilled. 



Exercise continues on next pege 



Using The Wavefornn Calculator— 7854 



SETTING THE GROUND REFERENCE {ContJ 

GND Operation: 128 points of the real-time waveform are acquired as described 
for the AQR command in section 5. Then the processor computes the algebraic 
mean value of the acquired points (relative to the center horizontal graticule line) 
and stores this in the ground reference register. The contents of waveform memory 
are not changed. If no points have been acquired, due to a premature termination 
via the STOP command, the ground reference is set to 0. This process is then 
repeated for the second waveform. (Note that at power-up the vertical zero 
reference, VZR, is set to the center horizontat graticule line.) 

GND Restrictions: No more than two real-time waveforms, and no plug-in unit 
chop modes, are permitted prior to issuing a GND command. GND ERROR is 
issued if either restriction is violated. 



ACQUIRING TWO WAVEFORMS 

To demonstrate how to simuttaneously acquire two real-time waveforms, first 
return the input coupling switch of the LEFT VERT amplifier to dc. Then set the A 
HORIZ time-base unit to 1 ms/div. the HORIZONTAL MODE switch to ALT, and the 
VERTICAL MODE switch to LEFT. Press \ SCOPE I . Set the A INTENSITY for a 
visibie display. Use the VERT TRACE SEPARATION fB) control to position the 
baseline of the B HORIZ square wave to the center horizontal graticule line. (If 
necessary, adjust the A HORIZ time base to position the A display to begin at the 
first vertical graticule line.) 



Press 

(a^ 



Display 



Comments 




Both displayed real-time 
CALIBRATOR signals are 
acquired and stored in 
waveform memory ac- 
cording to the previously 
discussed rules. (See 
Waveform Acquisition 
and Data Storage.) 

AQR WARNING is 
issued if default scale 
factors are assigned, if 
non-unique scale factors 
are detected (e.g., real- 
time ADD mode select- 
ed), if more than 5% 
contiguous points are 
unfilled, or if the 
command is prematurely 
terminated with the 
STOP command. 
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ACQUIRING TWO WAVEFORMS (Cont) 

AQR Restrictions: No more than two real-time waveforms and no plug-rn unit chop 
modes are permitted prior to issuing an AQR command. AQR ERROR is issued if 
either restriction is violated. 



Press 
I STORED I 



Display 




Comments 

The stored calibrator 
signal from the B HORIZ 
sweep is shown display- 
ed with the previously 
set ground reference 
(VZR -3.007) infor- 
mation. 



1 I WFM 1 




T h e sto r ed ca I i br at or 
signal from the A HORIZ 
sweep is displayed. This 
waveform was stored in 1 
WFM when the previous 
AQR was issued, and is 
referenced to the ground 
setting {VZR) or 0.955. 
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COPYING STORED WAVEFORMS 

The >WFM command allows duplicating waveforms between waveform memories. 
To copy the waveform from 1 WFM to another storage location within waveform 
memory: 



Press 

3 n I > WFM I 



Display 



Comments 




The waveform point 
values (with scale 
factors and vertical zero 
reference) are copied 
into 3 WFM. Notice that 
the OPW has changed to 
reflect that the waveform 
now displayed is from 
3 WFM, although the 
information is retained in 
1 WFM until a command 
is issued which causes 
the processor to place 
new information in 
1 WFM. 



>WFM Restrictions; The Y register must contain the waveform memory address 
of the waveform to be moved, and the X register must contain a constant which, 
when rounded to an integer, is the address of a valid waveform memory where 
the waveform Is to be duplicated, prior to execution of the >WFM command. 
‘WF ERROR is issued if either restriction is violated. 



To copy the contents of 0 WFM to more permanent storage within waveform 
memory: 



Press 

0 I WFM 1 



Display 



OPW 


0 VlR 


mn? I 




2 


V i 


S 










J 




































1 








1 




































-j 


































3 WfW 


a 


WFM 


I WFM 







Comments 

0WFM is entered into 
the stack and its contents 
are displayed. 
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COPYING STORED WAVEFORMS {Cent) 



Press 

2 B1 i>wfm1 



Display 




Comments 

The contents of 0 WFM 
are duplicated Into 2 
WFM; 2 WFM is 
displayed and reflected 
by the OPW number. 



To ix}py the vontents of one waveform mermny into another: 

a. f’rV.vi revail the waveform to he vopieti usm^ the WFS4 vommami 
h. Enter the nurt^her of the waveform memory iovatkm. 
i\ Press H I >WFM \ to i'opy the data. 
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AVERAGING A WAVEFORM 

By using the AVG command available on the Waveform Calculator keyboard, the 
operator can designate the number of Averages to be done to a repetitive real-time 
waveform. 



NOTE 

The noise-redaction characteristic of the AVG corr^mand is 
derr)onstrated in the exercise for Averaging A Waveform in Section 5, 
Using the Measurement Keyboard, 



To demonstrate the AVG command by averaging the CA LIBRATOR signal 75 times, 
first return to the SCOPE display mode by pressing f SCOPE 1 . Then set the 
HORIZONTAL MODE switch to B and vertically center the CALIBRATOR signal 
around the center horizontal graticule line. Then: 



Press 

a 



75 rAVG~ 1 



Display 





Comments 

The real-time CALIBRA- 
TOR signal and the 
contents of 2 WFM are 
displayed. (The BOTH 
display mode is used 
here to aid in under- 
standing the AVG 
operation.) 



Both the real-time and 
the newly averaged 
calibrator signals are 
displayed, {To verify this, 
vary the LEFT VERT 
position control.) 

AVG WARNING is 
issued if more than 5% 
contiguous points are 
unfilled, or if the 
command is prematurely 
terminated with a STOP. 



AVG Restrictions: The X register must contain a constant which (when rounded) is 
from 1 to 1023 inclusive, and only one real-time waveform is permitted, prior to 
issuing any AVG command. AVG ERROR is issued if either restriction is violated. 
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AVERAGING A WAVEFORM {Cont) 

To observe the effects of an Average command on 1 WFM: 



Press 

[ STORED 1 



1 1 WFM 1 



Display 



Comments 




Return to STORED 
display mode. (The real- 
time signal is no longer 

displayed.^ 



The contents of 1 WFM 
are displayed. Notice that 
1 WFM is returned to the 
power-up condition after 
having been used as 
working storage by the 
processor for the AVG 
command. However 
since we had duplicated 
the waveform data into 3 
WFM prior to the AVG, 
the data has not been 
lost. 



OBSERVING EFFECTS OF A >P/W 

Review the present contents of each of the four waveform memories (available in 
the standard 7854 with the present conditions): 



Press 

0 ( WFM 1 



Display 



Comments 



opw! 


0 


vzn 




T 




i! 


V 




m^s 












1 














































































J 














1 




















jt wPm 


D 




WFM 









Display 0 WFM contents. 
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OBSERVING EFFECTS OF A >P/W (Cont) 



Press 
1 IWFM 1 



2 1 WFM 1 




OPW 


2 


VZH 


3.DD7 


3 


1 

V 


f i 


loath's 






































I 
































I- - 1 


f 














































1 


t WFM 




r WFK 


H WFM 









Comments 

Display 1 WFM contents* 



Display 2 WFM contents. 




3 [WFM I 



Display 3 WFM contents. 
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OBSERVING EFFECTS OF A >P/W (Cent) 

Now. let's change the P/W value and observe the reorganization of the waveform 
memories: 



Press 

1024 

O I >P W I 



Display 




Comments 
The P/W value is 
changed from 51 2 to 
1024; therefore, each 
waveform memory now 
contains twice the num- 
ber of waveform points. 
(Since the processors' 
memory can only hold a 
set number of waveform 
points, this has the effect 
of dividing the number of 
available waveform 
memories by 2.) The first 
512 displayed points 
were in 0 WFM and the 
second 51 2 points were 
in 1 WFM prior to the 
>P/W. The processor 
automatically rescales 
the horizontal spacing of 
the displayed points so 
that they span only the 
1 0-division graticule. 
Therefore, the scale 
factors and VZRwill not 
necessarily reflect the 
true values of the newly 
displayed waveform. 
Also, note that the stack 
registers have all been 
set to 0. 



>P/W Restrictions: The X register must contain a constant which ^when rounded 
to an integer) is one of 128, 256, 512, or 1024, prior to execution of the >P/W 
command, >P/ ERROR is issued if this restriction is violated. 



Exercise continues on next page 
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OBSERVING EFFECTS OF A >P/W {Cent) 

To recover the waveforms as they were orignally stored: 



Press 



Display 



Comments 



512 




The calibrator signal 
stored using 75 | AVG 1 
is displayed as originally 
stored in 0 WFM. All 
waveform memories have 
been restructured. 



NOTE 

Stored waveform data is recoverabie onfy if the P/W vaiue is returned 
to the original setting before a command is executed which either 
changes the value of any waveform poinf the stored scale factors, or 
the vertical zeros. 



RECALUNG AND SETTING THE VALUE OF A POINT 

Each stored point of the operational waveform can be directly accessed. 



For example, to recall the vertical value of the 102'’** point: 



Press 



Display 



Comments 



102 



dpw 




ViH 


-3.807 




ZV 


S\ 




























































































































4 




T8J 













We have entered the 
point number of 1 02 into 
the X register. This is the 
point whose vertical 
value we need. 
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RECALLING AND SETTING THE VALUE OF A POINT {ContJ 



Press 

irpNTD 



Display 



Comments 



OPW 










2 V 


































































































































. PH' 


r 









The vertical value of point 
1 02 is displayed tn the 
X register. 



PIMT Restriction: The X register must contain a constant which, when rounded to 
an integer, is from 0 to the maximum waveform point number (inclusive), PNT 
ERROR is issued if this restriction is violated. 



have the pweessor return the vertieaf value of a specific point on a 
sioreil wrtvefo nn: 

a. Key in the nu mber of the point, 
h. Press ( PNT 

[ , Read the vertical vaiue of the elesi^nated point from the X register. 



Now, let's change the value of a specific point. To change the present setting of 
point number 102 to the VZR setting of 0 volt: 



Press 
0 [ENTER I 



Display 



Comnnents 



OPW 


e 


vzn 


-3.087 




2 


V 






























































































































ja.flB 








j ENTER 









The vertical value of 0 
volts relati ve to the VZR 
of the OPW has been 
entered into the stack. 



Exercise continues on next pBge 
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RECALLING AND SETTING THE VALUE OF A POINT {Cont) 



Press 



Display 



Comments 




The point number which 
we are going to set at the 
0-volt level is entered 
into the X register. 



Point 1 02 is set at the 
designated vertical leveL 
{If necessary, adjust the 
STORED INTensity.) 



>PNT Restrictions: The Y register must contain a constant which, when divided by 
the vertical scale factor, results in a number within the vertical range limits of +20 
and -20 divisions from the center horizontal graticule line. Also, the X register must 
contain a constant which (when rounded) is an integer from 0 to the maximum 
waveform point number inclusive. >PN ERROR is issued if any of these restrictions 
are violated. 



Tff M'/ a spet ific point to a designated vertical value: 

a. Key the vertical vahie at which the point is to he set, 
h. Press CkN TFR | . 

£‘, Key in the number of the point to he set. 
d. B ess M ( >PNT j 
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DISPLAYING THE READOUT SETTING 

The real-time readout value generated by the selected plug-in units can be 
displayed individually in the X register by using the RDOUT command. 



For example, to display the readout value of readout word 0 (see Fig* 4-1): 



Press 



Display 



0 MiroouTI 




Comments 

The numeric value of the 
real-time readout of the 
LEFT VERT channel 1 is 
displayed in the X 
register. Nor ice that the 
unit symbol V is not 
displayed with the value. 
RDO WARNING is 
issued it the designated 
readout position is blank 
or contains no numerals 
in the SCOPE display 
mode* 



NOTE 

Although this command is available as the shift function of the 
[ GND I key on the measurement keyboard it is only useful if the 
Waveform Calculator commands are available to the processor, since 
the RDOUT command requires an operand to be entered into the X 
register prior to command execution. 

RDOUT Restriction: The X register must contain a constant which {when rounded) 
is an integer from 0 to 7 {inclusive) prior to execution of the RDOUT command. 
RDO ERROR is issued if the restriction is violated. 



NEXT EXERCISE BEGINS WITH POWER-UP 
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COMPUTED WAVEFORM SCALING, OVERFLOW. 
AND UNDERFLOW 

AM new waveforms which have been generated by the processor (e.g., with the use 
of the arithmetic functions) are automaticaMy scaled vertically so that: 

1. The vertical scale factor is in the format of d * 10^, where d = 1, 2. or 5j and n = 
integer. 

2. The V2R is set to a full graticule division within the vertical range limits of +20 and 
-20 divisions from the center horizontal graticule line. 

3. The waveform points are displayed within + or - 3,5 divisions from the center 
horizontal graticule line. 

4. Tirst the vertical scale factor and then the VZR are set as small as possible while 
still consistent with 1 through 3 above. 

Whenever a waveform point value (vertical scale factor times the point value, in 
divisions relative to the VZR) is smaller than the smallest internalty representable 
value of 1 * , it is set to 0. 

If all points of a waveform are 0, the V2R is set to 0, the vertical scale factor is set 
to 1, and the horizontal scale factor is left unchanged. 

If a point value exceeds the largest internally representable value of: (1-2'^^) * 
^ 2 ^ 2 , It is set to this value and the waveform is scaled to + or -3 divisions. 



WAVEFORMS AS ARITHMETIC OPERANDS 

The arlthmeTic functions (previously discussed under Mathematical Calculations in 
this section of the manual) can also be used with waveform(s) as the operand(s). 
The following exercises demonstrate the effects of these one- and two-operand 
functions when waveforms replace the numbers as the operands. 

A one-operand arithmetic function performed on a waveform results in a new 
waveform in 0 WFM. 

A twO“Operand arithmetic function performed with one waveform and one constant 
results in a new waveform in 0 WFM which is calculated by combining each 
waveform point value with the constant value. The resulting horizontal scale factor 
and both scale factor units (e.g„ V, S) are retained from the original waveform. 

A two-operand arithmetic function performed using two waveforms results in a new 
waveform in 0 WFIVI which is calculated by applying the specified operation to 
corresponding points of each operand waveform. In this case, if the horizontal scale 
factor and horizontal scale factor unit of each operand was the same, the resulting 



@ 
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horizontal scale factor unit will be retained from both operands; however if they 
differed, the resulting unit will be left blank, the default scale factor of 1 will be 
assigned, and a warning^ will be issued. In addition, the resulting vertical scale 
factor unit will be blank if the operand units were not Identical prior to Q or 
Q and whenever either Q or t / 1 Is performed. Figure D, block 2 shows the 
location of the keys demonstrated in the following e?<ercisesH 



OBSERVING WAVEFORMS WITH ONE-OPERAND ARITHMETIC 
FUNCTIONS 



7b perform one-opermui anihmetk funt turns (SQR1\ /.,V, EXP. ABS. anJ 
SCiV) with a waveform as ihe operarui: 

a. Plate the waveform memory address into the X renister using the 
WFM command ^ 

h. Press the desired fumium key (see the above list). 



To demonstrate the one-operand arithmetic functions of SORT, LN, EXP, ABS, and 
SGN using a waveform as the operand, first perform steps 1 through 3 of the 
procedure for Obtaining a Scope Display in Section 4, Scope Display Mode 
Information. 

Set the B HORIZ time-base unit to 20 microseconds/division and triggering to auto 
mode with ac coupling from the internal source on the negative slope. 

Rotate the B INTENSITY control until the trace Is at a desirable viewing level (about 
quarter range). 

Connect a triangular shaped waveform (from 0 to +2 V dc) from a function generator 
(recommended type: TEKTRONIX EG 503 Function Generator used with a TM 500 
Power Module) to the Input connector of the LEFT VERT amplifier unit with a 42- 
inch bnc cable, (Match impedances, if necessary.) 

Set the deflection factor of the LEFT VERT amplifier unit and the output amplitude of 
the function generator to display 2 divisions of signal on the crt. 

Set the input coupling switch of the LEFT VERT amplifier to ground and pos ition the 
trace one division below the center horizontal graticule line. Press [ (3ND I . Return 
the input coupling to the dc mode. 

Adjust the function generator output frequency for 2.5 cycles of displayed signal. 



^The warning message of KXK WARNING is not displayed for this warning. 
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OBSERVING WAVEFORMS WITH ONE-OPERAND ARITHMETIC FUNCTIONS (Com) 

Set the B HORIZ time-base unit triggering and position controls for a stable display 
horizontally centered on the crt. 



Set the STORED INTensliy control to midrange. 



Press Display 




Comments 

Acquire and store the 
signal into 2 WFM for 
later use. 



I SORT 1 




The processor applies the 
SORT algorithm to each 
point of the OPW and 
places the result in 0 
WFM, Notice that the 
new waveform has been 
automatically scaled by 
the processor. (See 
Computed Waveform 
Scaling. Underflow, and 
Overflow for more 
details.lSOR WARNING 
is issued whenever any 
point of the OPW Is 
negative pr ior to the 
SORT command. 




OPW 1 vnfi‘ W3y 



Recall 2 WFM to the 
display* 



2 I WFM 1 
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OBSERVING WAVEFORMS WITH ONE^OPERAND ARITHMETIC FUNCTIONS (Cont) 



Press 

CMD 



Display 



Comments 




OPIM 


D 




1 












ZflivE 










J 


L .. 






























y i 


f 






\ ! 


! / 


1 


1 


\ 


1 / 


\ 1 


7 ' 




' J 




/ 


1 


1 


1 \ ! 
^ \! 


I 


t1 


T 








1 


















1 

I 


1 

1 1 


ie iwm 1 






M U 


« 1 




1 i 



The natural logarithm of 
the triangular waveform 
from 2WFM is dis- 
played as 0WFM. 

LN WAR1M1IMG is issued 
if any point of the OPW 
was 0or negative prior to 
the LN command. 



2 I WFM ] 

n rwi 




The exponential function 
of the triar^gular wave- 
form from 2 WFM is 
displayed as 0 WFM . 



WM IBOTH] 


OPW 


^3 

1 


VlRi 


1.D33 








V 




Zl^ 


Vertical Position 




1 


















( AQR 1 3 




1 . 






■ j 


L. 










n (TwFmI 




1 , 









1 _ ^ 




. 1 


1 








1 1 


i 




' 






















































1 wriM 




JWFM V| 


[fw 









Go to the BOTH display 
mode and position the 
real-time waveform to be 
centered about the 0 V dc 
level (one division below 
the center horizontal 
graticule line). Then 
reacquire the waveform 
and store it in 3 WFM. 



Exercise continues on next psge 
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OBSERVING WAVEFORMS WITH ONE-OPERAND ARITHMETIC FUNCTIONS {ContJ 



Press 



Display 



n 1 SGN j 




Comments 

The signum function is 
performed on each point 
of the triangular wave- 
form from 3 WFM and 
the result placed in 0 
WFM . Where the va lue of 
a point was greater than 
0 it is set to +1 , where 
eq u al to 0 it is set to 0; 
and where less than 0 it 
is set to -1 - 




The absolute value of 
each point of the 
triangular waveform from 
3 WFM is displayed. The 
resulting waveform is not 
automatically scaled. 



To avoid overflow i'otnpuiing ihe LS(x) of a w avefot^m w Uh zero- 

valued poitus, use the foi! ow ing sequeme: 

a. Ideniify ihe zero-vahied waveform points. 

h. Change the zero-vaiued points to the smallest non-zero value, w hich 
is: (6E-04)* (Venk ai Scaie Factor), 
c. Take the LN of the waveform. 

For example, to find the !.N of / WFM: 

a. Find the zero-valued points by pressing 1 | R7 A/ ] / I JT <^> V I 

(Z)Q^ 

h. Scale this waveform to represent the smallest p<}ssihie value hy 

prfxxiii/^ I I WTM I (~i:vr/-~) (5 ( LEX 1 | 04 QD (> 

I A/ 1 \ CV..V I IB 

e. blow add this waveform to the original waveform and compute the 
natural logarithm hy pressing 0 t WfM^ i ( WFM D CD 

LPH 
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OBSERVING WAVEFORMS WITH TWO OPERAND ARITHMETIC 
FUNCTIONS 

Two- operand arithmetic functions can be performed upon two constants (as 
demonstrated under Mathematical Calculations), upon one waveform and one 
constant, or upon two waveforms. 



To demonstrate the use of the arithmetic functions using a constant and a 
waveform first press [ STOREDH , then: 



Press 

2 I wfi^ 1 



Display 



OPW 


2 VIB 


1, 037 




IV 






































































r 






















e wFM 


7 WF 

1 ^ 


M W 


FlM 1 


..... 

i 





Comments 

Recall signal from 
2WFM. 



2 El 




The value of each point of 
the operational waveform 
(in relation to the VZR) is 
multiplied by 2, 



To demonstrate this more fully- let's observe what occurs to a specific point when a 
two-operand arithmetic function is performed using a waveform as one of the 
operands. 



Press 



Display 



Comments 



75 II PIMT II 




The value of point 75 of 
the operational wave- 
form, 882- 6mp is dis- 
played in the X register. 
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OBSERVING WAVEFORMS WITH TWO-OPERAND ARITHMETIC FUNCTIONS (Com) 



Press 
0 1 WFM I 



2 



Display 



Comments 





Enter the waveform 
operand of 0 WFM into 
the stack. 



Enter the constant 
operand of 2 into 
the stack. 



(Z) 




i 


VIA 


B 


1 


1 


N9lhJ 


^ ' 


! 




1 
























J 


L j 


J 








+- /j 











f 

1 








t / 1 










i 


I 
















i 


! 


























iflni 




;b wf 


M f 











The entire waveform is 
divided by 2 and rescaled. 
A warning^ is issued if 
any point of the divisor is 
0. If the corresponding 
point of t he d i vidend i s 
also 0, the result is 
set to0. 



The warning message of XXX WARNING is not displayed for this warning. 



@ 
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OBSERVING WAVEFORMS WITH TWO-OPERAND ARITHMETIC FUNCTIONS (ContJ 



Press 

75 iPNTl 



Display 



Comments 




Notice that the value of 
this point has been 
divided by 2. 



A s/tjret/ can he nijrmah::et/ JttJr/i /hat /he /feah-fif-peah va/ne t\v 

/J) l o// hr the iravefarm am/ presshi^ j F-F] ( / ] . A ho, the 

Mil) point of ihe waveform van he to zero vo/ts by reval/ing the 
waveform amt pressing f MID J Q 



NoWj let's add two waveforms to illustrate the use of two-operand arithmetic 
functions when both operands are waveforms: 



Press 

2 1 WFM II 

3 fWFM I 



Display 



Comments 




Enter the two operands of 
2 WFM and 3 WFM into 
the stack. 



Exercise cortt/noes on next page 
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OBSERVING WAVEFORMS WITH TWO^OPERAND AHtTHMETIC FUNCTIONS (Coni) 



Press 

CD 



Display 



Comments 




The two waveforms are 
added together point by 
point. The resulting 
waveform is placed in 
0WFM. 



NOTE 

Refer to Section 9, Command Language, for the a/gorfthms used for 
each command. 



Tna repel dive reahtime signals which represent current and vtdtage ran he 
muffiphed If} del ermine insianianeous power. With both signals displayed 
(using ALT or CtfOP vertical modes), press [ AQR DCD Be sure that 
the G.WD reference has been previously set to the desired value. 



NEXT EXERCISE BEGINS WITH POWER-UP 



@ 
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STORED WAVEFORM DISPLAY 

The Waveform Calculator adds several commands which allow the operator to set 
various parameters of the stored waveform display. For example, without the 
Waveform Calculator the stored waveforms are always displayed as vectors drawn 
between the points of the waveform (VECT), Howeverr with the Waveform 
Calculator you can select to display the waveform points only, using the DOTS 
command. Care must be taken when displaying waveforms using the DOTS mode 
to avoid perceptual aliasing or envelope errors. Perceptual aliasing, a type of optical 
illusion inherent In dot displays, occurs because the human eye tends to connect 
the dots to their closest neighbors. The closest dots on the display, however, may 
not be the next points in sequence. This illusion can be avoided by using the vector 
display mode. 

An envelope error occurs when the waveform points do not fall on the peaks of the 
signal, leaving some of the signal outside the displayed envelope. This problem can 
occur in either display mode (DOTS or VECT); but, it can be helped by using more 
points-per-waveform or a faster sweep speed. 

The Waveform Calculator allows up to 9 stored waveforms to be displayed on the crt 
screen at the same time {using DSW) to aid in waveform comparison, and also 
allows waveforms to be displayed versus another waveform (VS) instead of versus 
time (TIME). The following exercise demonstrates the effects of the STORED WFM 
DISPLAY commands. See Figure D, block 12 for the location of these keys. 



DISPLAYING STORED WAVEFORMS AS DOTS OR VECTORS 

Perform steps 1 through 3 of the procedure for Obtaining a Scope Display in Section 
4, Scope Display Mode Information. 

Set the B HORIZ time-base unit to 20 microseconds/division and triggering to auto 
mode with ac coupling from the internal source on the negative slope. 

Rotate the B INTENSITY control until the trace is at a desirable viewing level (about 
quarter range). 

Connect a triangular shaped waveform from a function generator (recommended 
type: TEKTRONIX FG 503 Function Generator used with a TM 52)0 Power Module) 
to the input connector of the LEFT VERT amplifier unit with a 42-inch bnc cable. (If 
necessary, match impedances.) 

Set the deflection factor of the LEFT VERT amplifier unit and the output amplitude of 
the function generator to display two divisions of signal on the crt. 

Adjust the function generator output frequency for about four cycles of displayed 
signal. 

Set the B HORIZ time-base unit triggering and position controls for a stable display 
horizontally centered on the crt. 
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DISPLAYING STORED WAVEFORMS AS DOTS OR VECTORS (Cont) 

Using the position control of the LEFT VERT amplifier unit, position the tops of the 
waveform to one division below the center horizontaf graticule line. 



Set the STORED INTensity control to quarter range. 



Press 



Display 



Comments 




Set the P/Wto 128. 
(Refer toTable 6-1 for 
organization of the 
waveform memories.) 
Store the waveform. 



[ STORED I 




Display the stored 
waveform. Notice that 
the waveform is display- 
ed as vectors drawn 
between the 1 28 points 
of the waveform. 



\ OPTS 1 




The waveform is display- 
ed as dots only. 
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OISPLAYtNG STORED WAVEFORMS AS DOTS OR VECTORS (Cont) 



Press 



Display 



Comments 



II V/ggTII 




Return to the vector 
mode- 



DISPLAYING SEVERAL STORED WAVEFORMS 

A rriBKimum of 9 stored waveforms can be displayed at the same time on the crt. To 
demonstrate, first store the following signals: 



Press 



Display 




Comments 

Copy the triangular 
waveform into 2 WFM for 
use in demonstrating the 
DSW (Display Stored 
Waveform) command. 



Return to the SCOPE mode (by pressing f SCOPeH ) and set the function generator 
to display five cycles of square wave. 

Adjust the LEFT VERT amplifier unit to display one division of signal centered 
around the center horizontal graticule line. 

Press Comments 

I APR 1 3 m f >WFM ] Store the square wave 

into 3 WFM. 



Exercise continues on next pBge 
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DISPLAYING SEVERAL STORED WAVEFORMS (Cont) 

Set the function generator to display five cycles of sine wave. 

Adjust the LEFT VERT amplifier unit to display two divisions of signal with the base 
one division above the center horizontal graticule line. 

Press Comments 

r APR 1 4 19 [ ^WFIVI ! Store the sine wave into 

4 WFM. 



Now. to display all of these signals on the screen at the same time, first return to 
the STORED display mode: 



Press 
[ STORED 1 

1 I D5W 1 



Display 



Comments 




The sine wave from 4 
WFM and the power-up 
condition of 1 WFM are 
displayed. The scale 
factors and VZR are 
oniy for the operational 
waveform {4 WFM). 

Line 2 of the character 
dispiay shows 4 and 1 
indicating which wave- 
form memories the 
displayed waveforms are 
from. The left-to-right 
sequence of these 
numbers corresponds to 
the top-to-bottom 
sequence of point 0 of 
each displayed wave- 
form. DSW WARNING 
is issued if 8 waveforms 
have already been 
displayed with the DSW 
command. (If the 
operational waveform 
was not displayed with 
the DSW command, a 
total of 9 waveforms may 
be displayed.) 
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DISPLAYING SEVERAL STORED WAVEFORMS (Cont) 



Press 

2 I DSW I 



3 [ DSW 1 



Display 



Comments 





The triangular waveform 
from 2 WFM ts also 
displayed. Waveform 
memory address 2 is 
added to display line 2. 



The square wave from 3 
WFM is added to the 
display. 



DSW Restrictions: The X register must contain a constant which^ when rounded to 
an integer, is from 0 to the maximum valid waveform memory address (inclusive), 
DSW ERROR is issued if this restriction is violated. 
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DISPLAYING STORED WAVEFORMS IN THE X Y MODE 

Up to nine stored waveforms can be displayed versus another in the X-Y 
mode. 



Us'e KS £T.v 

£i, DLspiay ihe ivave/orm (w/th ei!her WFM or DSiV command) ichkh 
wid provide the vertical ( Y-axis) values for the X- Y displaw 
h. Key into the X register the ivaveform memory number of the 
waveform to provide the horbtonta! (X-axis) values. 

c. Prfss Q ( r.y ) . 



Return to Scope Mode. Connect 4- volts of a 50-kHz sine wave from the function 
generator to the input of the LEFT VERT amplifier unit with a 42'inch bnc cable. 
(Match impedances, if necessary.) 

Set the LEFT VERT amplifier unit and the function generator to display four divisions 
of signal centered around the center horizontal graticule line. 



Set the B HORIZ time-base unit for 2 microseconds/division using the 20 //s/div 
and XI 0 magnification settings. Set the triggering controls for auto mode with ac 
coupling from the internal sourcen 

Adjust the B INTENSITY if necessary. 

Using the B HORIZ position control, display one cycle of the sine wave as shown 
below: 



Press 

512 W l>P/Wl 




Comments 

Return P/W setting to 
51 2 to increase the 
resolution of stored 
waveforms. This sine 
wave will be stored for 
display later in a Lissajous 
pattern. 
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DISPLAYING STORED WAVEFORMS IN THE X^Y MODE (Cont) 



Press 
[ AVG10 ] 
(STORE^I 3 



Display 




Comments 

Store the sine wave in 3 
WFM. 



n ( BOTH 1 




Display both the real-time 
and the stored sine 
waves. 



Using the B HORI2 time-base unit trigger level control, position the real-time sine wave 
as shown below: 



Display 



Comments 




Position the sine wave 
90 ° out of phase with 
the stored sine wave. 



6-52 
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DISPLAYING STORED WAVEFORMS IN THE X-Y MODE (Cent) 



Press 



Oisplav 




Comments 

Store the out-of-phase 
sine wave in 2WFM- 



3 




OPW 


1 

2 1 


! i 

iV^Ji * 


& ^ 












... . . 


















































' 


















1 




' 












1 










































^ 3 




' 










1 



Enter the address 
number of the waveform 
memory which is to be 
the horizontal axis of the 
display (the versus 
waveform). 



n 




The Lissajous pattern 
formed by displaying the 
operational waveform 
versus 3 WFM is shown. 
The "horizontal scale 
factor" is the vertical 
scale factor of the versus 
waveform. The waveform 
memory address number 
of the versus waveform 
(which in this case is 3) is 
displayed at the right end 
of display tine 2 , pre- 
ceded by the mnemonic 
VS 



Exerc/se conr/nt/es on next page 
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DISPLAYING STORED WAVEFORMS IN THE X-Y MODE (Cent) 

VS Operation: The horizontal position of each displayed waveform point is the 
vertical value (in divisions, measured from the center horizontal graticule line) of the 
like-numbered point of the waveform chosen for the horizontai axis. 

VS Restrictions: The X register must contain a constant which, when rounded, is 
an integer from 0 to the maximum valid waveform memory address number 
(inclusive), prior to executing a VS command. VS ERROR is issued if this 
restriction is violated. 



All waveforms displayed following the VS command (and prior to a TIME command) 
are displayed versus the designated waveform. To illustrate: 



Press 

3 [ DSW 1 



Display 



Comments 




OPW 

DSW 


^ 1 
^ 1 


vzr{ B i 

3 ' 1 


IV 


i ^ ! 

i . 


nr 

3 




! 


























( 1 ^ 


i ] 










\ 1 / 












IXL 
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3: 


, ! 

WFMj z Dfw 


i ! 





3WFM is displayed 
versus 3 WFM. 



DISPLAYING STORED WAVEFORMS IN THE Y TMODE 

To return to using time as the horizontal axis of the display: 



Press 
[ TIME I 



Display 



Comments 




opw! 

□sw 


2 ' 

1 ^ , 


VIR 
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O 






11 
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- J 
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L 1 






1 1 
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[ j 
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3 i 




3 




irihiE 

1— 









All displayed waveforms 
(3WFMand2WFM in 
this case) are displayed 
using time as the 
horizontal axis. 



NEXT EXERCISE BEGINS WITH POWER-UP 



@ 
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CURSORS 

The cursor commands available on the measurement keyboard are duplicated on 
the Waveform Calculator keyboard and will not be discussed here in detail: 
however, the four additional cursor commands included on the Waveform 
Calculator keyboard will be demonstrated. See Figure D, blocks 7 and 9 for the 
location of the CURSOR keys used in the following exercises. 

POSITIONING THE CURSORS 

Perform the exercise entitled Displaying Stored Waveforms in the X-Y Mode, to the 
point where the following display is shown on the crt graticule: 

Comments 

Lissajous pattern is 
displayed. 



Display 




Press 



Display 



Comments 



<CR$2-11 




Both cursors are turned 
on. Notice that they are 
positioned at the start 
and end of the displayed 
operational waveform. 
Also notice that the 
AVCRDandthe AHCRD 
readings are given with 
the same units as those 
displayed with the 
CO rr espo nd i n g vert i ca I 
and horizontal scale 
factors. In this particular 
case, the unit symbol for 
both scale factors and 
both cursor coordinates 
is V. 



Exercise cor^tif}ues on next pege 
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POSITIONING THE CURSORS |Cont) 
Press 
[ CRS1>1 



Comments 

Notice that Cursor 1 is 
moved toward the end of 
the operational wave- 
form, not necessarily to 
the right* 



(CRS2< 1 



Cursor 2 moves to the 
start of the operational 
waveform. 



Press 



Display 



Comments 



The Cursor 
Positioning 
Keys As 
Necessary To 
Obtain Shown 
Display 



I TIME ) 





Position cursors to the 
center horizontal grat- 
icule lines. 



Display the operational 
waveform versus time* 
Although the cursors 
have physically changed 
their horizontal location 
on the display, they have 
maintained the vertical 
position to which they 
were set. 
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POSITIONING THE CURSORS (Cont) 



Press 



Display 



Comments 



D ICRS1 I 




OPiflf 


Z 


vze 


a 




! 

TV 




2^ 


























































































































VtRO =! -61 
3 W^M 




r Mcpo = 

2 WFM CHB1 


6,1 


ITiiS 





Turn off Cursor 2. 



To move Cursor 1 directly to a point which is a specified time from the start of the 
waveform: 



Press 



Display 



Comments 



10 [ EEX I 
\ CHS 1 6 



W i-hcrdji 




We have entered the 
new setting for the 
HCRDn0/j) into 
the X register. 



Cursor 1 is moved to the 
stored point nearest the 
value in the X register. 



Exercise contirjues on next pege 
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POSITIONING THE CURSORS (Cont) 

To set the 2 cursors a specified distance apart: 



Press 

ICRS2-1 1 



6 I EEX 1 
I CHS I 6 



Display 




Comments 

Turn on both cursors. 



Enter the amount of time 
to separate the cursors. 



Cursor 2 is moved 6 ps 
to the right of Cursor 1 . 
>HC WARNING is 
issued if the number in 
the X register represents 
a position beyond the 
right edge of the 
graticule for Cursor 2. 
See >HCRD Operation. 
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POSITIONING THE CURSORS {Cent) 

>HCRD Operation: If the position designated in the X register does not coincide 
with a stored waveform point, the cursor is set to the nearest stored point. If both 
cursors are on at the time of a >HCRD command. Cursor 2 is moved so that the 
difference between Cursor 1 and Cursor 2 is as close as possible to that specified in 
the X register* However, if this represents a position beyond the right edge of the 
graticule^ Cursor 2 is set to the right edge and >HC WARNING is issued. 

>HCRD Restrictions: At least one cursor must be turned on. the X register must 
contain a constant which is greater than 0, and the operational waveform must not 
have been displayed with the VS command, prior to executing the >HCRD 
command. >HC ERROR is issued if any of these restrictions are violated. 



To set the vertical coordinate of Cursor 1 to a specified setting, and thus move the 
cursor: 



Press 

a 1 CRS1J 

0.25 



O nvCRD] 




Display 




OPW 


i ' 


ViR 1 


a 




1 

1 




IV 




3*^ 
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; 




VI 


SAD = 


: ?72 

! 


> 

E 


2SG 


HOftD = 

m -ycfttj 




I' 



Comments 

Turn off cursor 2 and 
enter the new setting of 
the vertical coordinate. 



The vertical coordinate 
and position of the 
cursor change to be as 
close as possible to the 
specified setting. See 
>VCRD Operation. 



Exercise continues on next pege 
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POSITIONING THE 
To set Cursor 2 a 

Press 
ICRS2-1 I 



1.5 



n |>VCRD I 



CURSORS (Conti 

Specified vertical distance from Cursor 1 : 



Display 



Comments 






i 2. 


VZR 


e 




IV 
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Xfti 
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iVCHP 


9ft 


2sa 


HCPO = 
CBSZ-' 


1 


nS ; 





Turn on both cursors. 




obw 


1 i 


' VZH 


= 0 






IV 
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iVCflO 
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: 39A. 
Im 






.IHORD = 




1 n£ 



Enter the vertical dis- 
tance from Cursor 1* See 
=>VCRD Operation* 




OfW 


f 2 


vza 


B 






IV 




2f^ 














































































































avcmd = 

1 


0m ; 




i.a 


( VCHD 





IVlove Cursor 2 the 
specified distance from 
Cursor 1 . 
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POSITIONING THE CURSORS {Cent) 



JhUow'iri^ keyslnfke sequence can he used to post linn ihe cursors io the 
0 PNT and the MAX point for measuring puhe parameters: 

a. Turn on and position Cursiir / to the MAX point hr pressing m 
( CRS! } ( .V/4 V I M {^VCRlPj ■ 
h. P{}sition Cursor J to ihe same point ^.r pressing [ CRS2-! ] 0 
] . 

i\ Reposition Cursor / to the 0 P XT hy pressing |Q| [~f /j,S7 } 0 

CnEMi\ . , , 

d. Turn on htnh vursors [ C RS2-! 1 and tnake dw desired 

measurement (i.e., DELA Y, RISE, etc.) 



>VCRD Operation: With only one cursor on (CRS1 mode), the operational 
waveform is scanned for the specified vertical level from the present cursor location 
to the end of the waveform. If a crossing or touching point is not found, the scan 
continues from the start of the waveform to the cursor. The cursor is set to the point 
prior to the first crossing or touching point found. 

With both cursors on (CRS2-1 mode), the operational waveform is scanned from 
Cursor 2 to the end of the waveform. If a crossing or touching point is not found, the 
scan then begins again at Cursor 1 and continues toward Cursor 2. Cursor 2 is then 
set to the point prior to the first crossing or touching point found. 

>VCRD Restrictions: The cursor(s) must not be turned off, and the operational 
waveform must either cross or touch the designated vertical level within the 
allowed cursor movement range, prior to execution of the >VCRO command. >VC 
ERROR is issued if either restriction is violated. 
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RECALLING CURSOR COORDINATES 

To recall the horizontal coordinate {or relative horizontal coordinate if both cursors 
are on) to the X register: 



Press 

iHCRDl 



Display 



Comments 




OPVW 


1 


V2Fl' 


0 




] 




IV 




2/19: 




























1 


























i 


I y- 
















































1 ■ 


















AVCRD = 
1 1 






/^Hcno = a 
hcrp ' 


i.aszjrs 

I : 



The displayed horizontal 
coordinate (or relative 
horizontal coordinate) is 
returned to the X 
register. 



HCRD Restriction: At least one cursor must be turned on prior to executing 
an HCRD command. HCR ERROR is issued if this restriction Is violated. 



To recall the vertical coordinate (or relative vertical coordinate if both cursors are on) 
to the X register: 



Press 
I VCRD 1 



Display 



! 

OfW; 


2 


VZb' 9 1 




TV 






2^ 




















































'• 1 


|— -| 




















r >1 














\ 


i 








AVC 


HQ = 

Uvsz 




1.45^ 


\m VCRQ 







Comments 

The displayed vertical 
coordinate (or relative 
vertical coordinate) is 
returned to the 
X register. 



VCRD Restriction: At least one cursor must be turned on prior to executing a 
VCRD command* VCR ERROR Is issued if this restriction is violated. 



NEXT EXERCISE BEGINS WITH POWER-UP 



@ 



6-62 
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WAVEFORM SCALING, EXPANSION, 

AND POSITIONING 

Commands are available with the Waveform Calculator to change the scale factors 
and vertical zero reference settings of the operational waveform without 
subsequently affecting the dimensions of the waveform. Also available are 
commands to vertically or horizontally expand or position the operational waveform. 
Figure D, blocks 17 and 18 shows the location of the keys demonstrated in the 
following exercises. 



SETTING THE SCALE FACTORS 



7b change the vertical or horizontal scale factors of the operational 
y\'aveforn}: 

a. Key in the new sett ing for the scale factor, 
h. Press the shift 

c. Press (>I\SC7 ) to change the vertical scale factor or (>HSC 'L ) to 
change the horizontal scale factor. 



Perform the procedure for Obtaining a Scope Display in Section 4, Scope Display 
Mode Information. 



Position the CALIBRATOR signal so that the first positive-going pulse starts at the 
second vertical graticule line, and so the square wave is centered around the center 
horizontal graticule line. 



Set the STORED INTensity control to quarter range. 



Press 

(aq^ 

I STORED! 



Display 




Comments 

Display the stored 
calibrator signal. 



Exercise continues art next page 
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SETTING THE SCALE FACTORS (Gont) 

To change the vertical scale factor of the operational waveform to 5 /iV^ 



Press 
5 I EEX 1 
[ CHS I 6 

OEvs^ 



Display 



Comments 



OFTft a vzn 






LIW 



OWFM 6jj 'VSCt 



First enter the new scale 
factor into the X register, 
then issue the >VSCL 
commandn The vertical 
scale factor has changed 
from 2V to 5 /;V. 



The unit associated with the vertical scale factor in this case V, remains the same. 



>VSCL OperationiThe operational waveform is displayed with the number in the X 
register as the vertical scale factor. 

VSCL Restrictions: The X register must contain a constant which is greater than 0 
prior to executing the >VSCL command. VS ERROR is issued if this restriction is 
violated. 



To change the horizontal scale factor of the operational waveform to 1 ms: 



Press 

1 y eex j 

I CHS 1 3 
il l =-HSCL| 



Display 



OPW 


0 


vzn e 




V 


lirtS 
















































[_ 




















1 














I 



Comments 

First enter the new scale 
factor into the X register, 
then issue the >HSCL 
command. The horizontal 
scale factor of 500 /jS 
has changed to 1 mS 
The unit, S, remains the 



same. 
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SETTING THE SCALE FACTORS (Com) 



To easily determine the number of a specific poini on the stored waveform: 

a. Change the horii ontai sca le factor to he equ al to the ( Pj W) divided 
(1} by pressing ( PjW] IQ CD ii CBETD- 

b. Turn on and position Cursor i as desired^ 

e. The point number where the cursor is located can be read from 
the displayed HCRD setting. 

If this procedure is used with^ both atrsors on, the A HCRD setting will 
reflect the number of points between the cursors. 



>HSCL Operation: Executing a >HSCL command is the equivalent to changing the 
time span of the operational waveformi by a value equal to: (the number in the X 
register) divided by {the original horizontal scale factor). The operational waveform 
is then displayed with the number in the X register as the horizontal scale factor. 

>HSCL Restrictions: The X register must contain a constant which ts greater than 
0, and the operational waveform must not be displayed with the VS command, prior 
to executing the >HSCL command. >HS ERROR is issued if either restriction is 
violated. 
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RECALUNG THE SCALE FACTORS 

To recall the setting of the operational waveform's vertical scale factor: 



Press 

irv?^c-L li 



Display 



Comments 




The vertical scale factor 
of the OPW is returned to 
the X register. 



To recall the setting of the operational waveform's horizontal scale factor: 



Press 
fTTscu II 



Display 



Comments 




The horizontal scale 
factor of the OPW is 
returned to the X 
register* 



Usmg The Waveform Calculatc>r”7854 



EXPANDING THE STORED WAVEFORIVl 
Vertical Expansion 



To verikaHy expmd the operattotmi waveform clL^pIav* without changing 
(he waveform vahies: 

a. Key in the expansion rate, 
h. Press > VXPD I . 



To vertically expand the operational waveform by a factor of 3: 



Press 
3 I VXPD] 



Display 



Comments 



QPM 


^ e B 1.65TJA/ 


























































































































SW 1m VXPD 



The operational wave- 
form has been vertically 
expanded by a factor of 
3 tirnes about the center 
horizontal graticule line. 
The vertical scale factor 
is divided by the same 
factor in order to 
maintain the waveform 
values. See VXPD 
Operation beiow. 
VXPWARIsaNG is 
issued if the operational 
waveform is from 0 WFM 
and the command causes 
any waveform points to 
fall outside +1 0 divisions 
from the center horiz- 
ontal graticule line. 

These points are then set 
to ±10 divisions. 



VXPD Operation; The operational waveform is vert tea lly expanded around the 
center horizontal graticule line by the expansion factor specified in the X register. If 
the expansion factor is negative, the waveform is expanded and then inverted. The 
vertical scale factor is divided by the expansion factor in order to maintain the 
waveform values, 

VXPD Restrictions: The expansion factor must be a constant and must be entered 
into the X register prior to the VXPD command. If the operational waveform is not 
from 0 WFM. the expansion must not result in any point falling outside the +10 
division vertical limits. VXP ERROR is issued if either restriction is violated. 
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EXPANDING THE STORED WAVEFORM (Cont) 

Honzontal Expansron 

Cursor status affects the operation of the HXPD (Horizontal Expansion) command. 



To hori;:oniaih expand the operational waveform with both cursors off or 
with only Cursor I on: 

a. Enter the waveform memory address of the operational waveform 
into the X register hy using the WFM command^ 
h. Key in the expansion factor. (The OPW tt umber will push into the Y 
register at this time.) 
c. Press ( HXPD i . 



To horizontally expand the operational waveform by a factor of 2: 



Press 



Display 




Conn merits 

Enter the number of the 
operational waveform 
into the X register after 
copying the waveform 
into 5 WFM for storage. 



2 




factor of 2. 



@ 



6 68 
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EXPANDING THE STORED WAVEFORM (Cont) 



Press 
IHXPD ] 



Display 




Comments 

The operational wave- 
form is horuontally 
expanded by a factor of 2. 
Point 0 at the left edge of 
the graticule remains 
fixed and the waveform is 
expanded to the right- 
HXP WARNING is 
issued if the expansion 
factor is less than T in 
which case one or more 
points of the expanded 
waveform are filled by 
extending the value of 
the right- most point of 
the original waveform. 



HXPD Operation (Cursors Off): The operational waveform is horizontally expanded 
about the left edge (point 0) of the graticule by the expansion rate specified in the X 
register. The horizontal scale factor is divided by the expansion factor in order to 
maintain the waveform values, 

HXPD Restrictions (Cursors Off): The Y register must contain the waveform 
memory address, and the X register must contain a constant greater than 0, prior to 
executing the HXPD command. HXP ERROR is issued if either restriction Is 
violated. 



To demonstrate the HXPD command with Cursor 1 on: 



Press Display 




Comments 

Turn on Cursor 1 and 
position it as shown. 



Ex erase continues on next page 
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EXPANDING THE STORED WAVEFORM (Cont) 

Press Display 



Comments 



3 



OPW 




0 


1*SB7^V B 


^QIuS 








































J 












j 








1 




1 


1 






1 


































n 












VCflD 

Q WFM 


! 1 


HtflO - 







Enter the expansion 
factor into the X register. 
(Notice that the 
waveform memory 
address of 0 WFM was 
already in the X register, 
therefore we did not 
need to re-enter it before 
the expansion factor.) 



I HXPD ] 



Of*W 




VZF1 R 


1-1 








r 




















4 
















J 




; I 


L i 












j 




1 


r 1 










' ! ■ 






! 


! ' 








i 










1 


1 — 








VORD T 

; C 


VUFM 


1 

d wfI 


Hcno « 
M HXPD 


64^ 





The operational wave- 
form has been horizon- 
tally expanded by a 
factor of 3 times to the 
right of Cursor 1 . 
HXPWARNING is 
issued if the expansion 
factor is less than 
|10/ (thedivisions 
from Cursor 1 to the 
right edge of the 
graticule)); meaning that 
one or more points at the 
right end of the waveform 
are filled by extending the 
right most point of the 
original waveform* 



HXPD Operation (Cursor 1 On): The operational waveform is honzontafly 
expanded about Cursor 1 by the expansion rate specified in the X register. The 
horizontal scale factor is changed by the expansion factor in order to maintain the 
waveform horizontal values. 

HXPD Restrictions (Cursor 1 OnJ: The Y register must contain the operational 
waveform address and the X register must contain a constant greater than 0, prior 
to executing the HXPD command. HXP ERROR is issued if either restriction is 
violated* 
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EXPANDING THE STORED WAVEFORM (Cont) 

To horizontally expand the positive-going pulse now displayed with both cursors on: 



Press 
ICRS2-1 1 
tCRS1< 1 
|CRS2< I 



Display 



OPTW, 


B 


VZH 


9 


1 . 




tee 


i«7^S 










n 






1 














i 






i 


" 














[ 






















: 




















- -J 






















1 










.VCHO = 3.aE2nU 
S WFM 


: ilHCflO 1 . 1 . 

B Wf^lit CRS? 


13mS 





Comments 

Turn on Cursor 2 and 
position the cursors as 
shown. 



OPW 


:B 


VZR 


a 1 . 


























1 


1 


I 


I 














’ 1 


I 












































_ 


















5 


-e. 

WFH 


B 62 ^JV .iHCRD = 

9 WfM HKPD 


746,<jS 



The portion of the 
operational waveform 
between the cursors has 
been expanded to fill the 
full 10 graticule divisions. 
The cursors maintain 
their horizontal positions 
on the graticule. The 
horizontal scale factor 
has been changed to 
maintain the waveform 
values. 



To hofi 7 :onuiUy expand the operaiknwl waveform with hath vitrsors on: 

a. Enter the waveform number o/’ the operational waveform info the 
stack by using the WFM command 

b. Position the cursors tv delimit that portion of the opera tkmal 
waveform to be expanded. 

c. Pre.'is [ HXPD I . 



Exercise comtnues on next page 
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EXPANDING THE STORED WAVEFORM (Cont) 

HXPD Operation (Both Cursors On): That portion of the operational waveform 
delimited by the cursors is expanded to fill the 10-division graticule. The horizontal 
scale factor is changed to maintain the waveform values* 

HXPD Restriction (Both Cursors On): The X register must contain the waveform 
memory address of the operational waveform prior to executing the HXPD 
command, HXP ERROR is issued if this restriction is violated. 



NEXT EXERCISE BEGINS WITH POWER-UP 



POSITIONING THE STORED WAVEFORM 

Using commands available on the Waveform Calculator, the operational waveform 
can be repositioned either vertically or horizontally. 

To demonstrate, first perform the procedure for Obtaining a Scope Display in 
Section 4, Scope Display Mode information. 

Position the CALIBRATOR signal so that the first positive-going pulse starts at the 
second vertical graticule line, and so the square wave is centered around the center 
horizontal graticule line. 

Set the STORED INTensity control to quarter range. 

Vertical Positioning 

Since operation of the VPDN (Vertical Position Down) command is similar to that of 
VPUP (Vertical Position Up), only VPUP will be demonstrated. 

Press Display 

lopw 0 ivZFI D 



ISTQRED~1 






Comments 

Display the stored 
calibrator signal. 
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POSITIONING THE STORED WAVEFORM (Cont) 
To move the operational waveform up: 



Press 
[ VPUP I 



Display 



Comments 



OPW 


e vzfl 




2V 


B 


UBV.S 
















































































1 







a a WFM vpuf3 



The operational wave- 
form moves upward 
by increments (1 02.4 
increments/ division). If 
the key is depressed 
longer than approximate- 
ty 300 millisecondSf the 
movement of the wave- 
form begins to be 
continuous, advancing in 
incremental steps as long 
as the key is depressed. 
Notice that the VZR 
reading changes to 
reflect the new vertical 
position of the waveform. 
VPU WARN ING is 
issued if the operational 
waveform is from 0 WFM 
and the move has caused 
any points to be outside 
the vertical limit of +20 
divisions from the center 
horizontal graticule line* 
These points are then set 
at +20 divisions. The 
warning is not issued 
until after the move is 
made, therefore take care 
that the waveform is not 
unnecessarily clipped. 



VPUP Restrictions: The vertical zero reference must not exceed +20 divisions: and 
[f the operational waveform is not 0 WFM. all points of the moved waveform must 
be within +20 divisions of the center horizontal graticule line, VPU ERROR is 
issued if either restriction is violated. 



Exercise continues on next pBge 
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POSITIONING THE STORED WAVEFORM (Cent) 

To manually move the operational waveform down, press I VPDN 1 . VPD 
WARNING is issued if the operationaf waveform is from 0 WFM and if the move 
would result in any points falling outside the -20 division vertical limit. Those points 
are then set to -20 divisions from the center horizontal graticule line. 

VPDN Restrictions: The vertical zero reference must be higher than, or equal to, 
-20 divisions; and if the operational waveform is not 0 WFM, all points of the moved 
waveform must be within -20 divisions of the center horizontal graticule line. VPD 
ERROR is issued if either restriction is violated. 



The operational waveform can also be vertically positioned by directly setting the 
vertical zero reference (V2R) to a specified value. For example: 



Press 



Display 



Comments 



2.5 



OPW 0 UZfl E3L347 ZV 



Jiniinr 



a WFM Z.fi 



Enter the new vertical 
zero reference (in 
divisions relative to the 
center horizontal grat- 
icule line). 




The operational wave- 
form has been moved to 
the new vertical zero 
reference level of 2,5 
divisions above the center 
horizontal graticule line, 
>VZ WARNING is issued 
if the operational 
waveform is 0 WFM and 
the move would cause 
any points to fall outside 
the vertical limits of ±20 
divisions. Those points 
are then set to the vertical 
fim its. 
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POSITIONING THE STORED WAVEFORM (Cont} 

>V2R Restrictions: The X register must contain a constant from -20 to less than 
+20; and if the operational waveform is not from 0 WFM, all points of the moved 
waveform must be within ±20 divisions of the center horizontal graticule line, prior 
to execution of the >VZR command* >VZ ERROR is issued if either restriction is 
violated. 



To return the operational waveform to the original display: 



Press 



Display 




Comments 

Return the operational 
waveform to the display. 



Horizontal Positioning 

Cursor status affects the operation of the horizontal position commands. 



To demonstrate the horizontal positioning commands {HPLFT and HPRGTK we 
will first mark the displayed waveform with a reference by moving a point to a 
higher vertical value. Now, with the cursors off: 



Press 

2.5 [ENTER! 



Display 



OPW a vzfi 






mATDU 



Comments 

Key in the new vertical 
value of 2.5volts into 
the X register. 



fxercfse cont/r7ues on next page 
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POSITIONING THE STORED WAVEFORM {Com) 



Press 

206 



m>pNT 1 



Display 



OPW 9 VZ 


:n 6 


2v 

1 1 




L _ 



3 . b 29 S 



OPW 0 VZR 9 


ZV BABE'S 1 

[W 




Z,S -PNT i 



Comments 

Key in the point number 
1 HP/W)/10l » 
(number of divisions to 
the right of the waveform 
sta rt where t he poi nt is) j, 
in this case,, 206 



The point is moved to the 
2.5 volt level. {Adjust the 
STORED INTensity, if 
necessary.) 



To horhoniaUy posh ion ihe opi^rmiomif waveform with the cursors off: 
a. Enter the mnount of (me by which the ope rational waveform is to he 

moved. 

h. Pre.ss the .shift key. 

c. Preys the ChPRCiT \ to move the waveform to the right, or press 
[ HPi.FT ) to move the waveform left. 
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POSITIONING THE STORED WAVEFORM (Com) 

NoWh move the operational waveform to the left by 250 microseconds: 



Press 

250 I EEX ] 
1 CHS 1 6 



Display 



Comments 



jopwfl V2B B 2V saojjsj 

! 

LTulmin 



2,^ - Eia 



E nter the a mou nt of time 
which the waveform wifi 
be moved. 



W I HPLFT ] 




Th e sq ua re wave is 
moved left 250 a^s( 0,6 
division). 



HPLFT Operation (Cursors Off): The operational waveform is rotated to the left by 
the amount of time in the X register. 

HPLFT Restrictions (Cursors Off): The X register must contain a constant from 0 to 
the maximum horizontal value of the operational waveform, prior to execution of the 
HPLFT command. HPL ERROR is issued if this restriction is violated. 



Exercise convnues on next page 
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POSITIONING THE STORED WAVEFORM (Com) 

To move the operational waveform to the right by 500 microseconds: 



Press Display 




Comments 

Enter the amount of time 
by which the waveform 
will be moved (500 ^fs)- 



The square wave is 
moved 500 //s to the 
right. 



HPRGT Operation (Cursors Off): The operational waveform is rotated to the right 
by the amount of lime in the X register. 

HPRGT Restrictions (Cursors Off): The X register must contain a constant from 0 
to the maximum horizontal value of the operational waveformn prior to execution of 
the HPRGT command. HPR ERROR is issued If this restriction is violated. 



To horizontQUy position a specifiv point of the operationtii waveform to a 
desiyymted position on the display yrutivule: 

a. Turn on Cursor I and position it to the w aveform point of interest, 
h. Key in the time reference on the display graticide \ (number of 
horhontal divisions) * (the horizontal scale fat tor) j where the 
waveform point is to he placed. 

c. Press the shift Q key. 

d. Press the appropriate horizontal position key (either ( HPLFT ] or 



Using The Waveform Calculator— 7854 



POSITIONING THE STORED WAVEFORM (Coni) 

To move the marker on the displayed operational waveform to be at the center 
vertical graticule line: 



Press 

n I CRS1 I 

I CRS1> 1 



Display 




Comments 

Turn on and position 
Cursor 1 to the waveform 
marker. 



2.5 [ EEX 1 
I CHS I 3 




Enter the time reference 
of 2.5 ms (5 divisions * 
500 ^s) in the X register 





' O 


1 ! 

iVZH 


0 






2 


y 




































































































VCHD * 


•\m-3 

a 


34V 


2- 


«CHO = 
,s Hplftet 


Z,2m»mS 





The waveform is rotated 
to the right by the 
amount of time necessary 
to move the marker to the 
2.5 ms reference. 



Exercise continues on next page 
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POSITIONING THE STORED WAVEFORM (Cont) 

HPRGT Operation (Cursor 1 On): The operational waveform is rotated to the right 
by the absolute value of the difference between the HCRO setting and the time in 
the X register. 

HPRGT Restrictions (Cursor 1 On): The X register must contain a constant which 
is from 0 to the maximum horizontal value f10 * (horizontal scale factor)) of the 
operational waveform, prior to execution of the HPRGT command. HPR ERROR is 
issued if this restriction is violated. 



To move the marker to the second vertical graticule line, first position Cursor 1 to 
the top of the marker. Now: 



Press 

500 I EEX I 
I CHS II 6 



Display 



Comments 




Enter the time reference. 




The waveform is rotated 
left by the amount of 
time necessary to move 
the marker to the 500 //s 
reference. 



HPLFT Operation (Cursor 1 On): The operational waveform is rotated to the left by 
the absolute value of the difference between the HCRD setting and the time in the 
X register, 

HPLFT Restrictions (Cursor 1 On): The X register must contain a constant which is 
from 0 to the maximum horizontal value j10 * (horizontal scale factor)) of the 
operational waveform, prior to execution of the HPLFT command, HPL ERROR is 
issued if this restriction is violated. 
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POSmONING THE STORED WAVEFORM (Cont) 



7b horiztmtaUy move the operational waveform hy the time iiiffereme 
between the two (ursorx (the reiative h<iri::ontai toonlitwte}: 
a. Turn on and position both 
h. Press the shift hey. 

c. Pres.\ the appropriate horizontai position key (either | HPLFJ | or 

rwW7~i i 



To place waveform point 256 of the operational waveform to the 4- volt level: 



Press Display 




Comments 

Move point 256 to the 
4"Volt level. 



To move the operational waveform left by the AHCRD setting: 



Press 

1 CRS2-1 I 



Display 



OPW 


6 


vzn 


■SI 






2 


V 
































































































1 


















! 


1 


1 




..VCRO = 

2' 


.6 


l117V 


KCHD = 
4 CHS2-1 


*■1 


•9mS' 





Comments 

Turn on Cursor 2. 



Exercise cart tin ues on next page 
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POSITIONING THE STORED WAVEFORM (Cont) 

Press Display 





Comments 

The waveform is rotated 
left by 2.49 ms (AHCRD 
value). Notice that this 
resulted in the shorter 
marker appearing to 
move to the right due to 
the wrap-around opera^ 
tion of HPLFT (and 
HPRGT); however, it is 
still 4 divisions (2.49 ms) 
to the left of the higher 
marker. 



HPLFT Operation (Cursors On): The operational waveform is rotated left by the 
amount of time between the cursors (the AHCRD reading). 



To move the waveform to the right: 



Press 



Display 



|CRS2<1 



n I HPRGT I 





Comments 

Position the cursors as 
shown. 



The waveform is rotated 
right by 1 .25 ms 
( AHCRDvalue), 
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POSITIONING THE STORED WAVEFORM {Cont) 

HPRGT Operation (Cursors On): The operationaf waveform is rotated right by the 
amount of time between the cursors (the AH CRD reading). 



NEXT EXERCISE BEGINS WITH POWER UP 



WAVEFORM FUNCTIONS 

All of the commands in the WFM FUNCTIONS bEock on the Waveform Calculator 
require the horizontal extent of the operational waveform in order to calculate the 
new waveform^ (This is in contrast to the arithmetic functions which treat each 
waveform point value as a constant*) The following exercises demonstrate the DIFF 
(Differentiation), INT (Integration), ORD (Return Ordinate), >ORD (Set Ordinate), 
!TRP (Interpolate), and SMOOTH commands. See Figure D, block 18 for the location 
of the corresponding keys. 



NOTE 

The DIFF and iNTG functions are not exactly reciprocal in the 7854 
due to the specific algorithms used. Each function introduces a small 
amount of smoothing. 



DIFFERENTIATING A WAVEFORM 

Perform the procedure for Obtaining a Scope Display in Section 4, Scope Display 
Mode Information. 

Position the CALIBRATOR signal so that the first positive-going pulse starts at the 
second vertical graticule line, and so the square wave is centered around the center 
horizontal graticule line. 



Set the STORED INTensity control to quarter range. 



Press 
<AVG10 I 
I STORED I 



Display 




Comments 

Store and display the 
calibrator signal. 
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DIFFERENTIATING A WAVEFORM (Cont) 



Press 

n 



Display 




Comments 

The square-wave signal 
has been differentiated. 
The vertical scale factor 
is blank. See Section 9. 
Command Language, for 
the specific algorithm. 



DIFF Restrictions: The X register must contain a valid waveform memory address 
prior to executing the DIFF command. DIF ERROR ts issued if this restriction is 
violated* 



NOTE 

Remember that any dc or constant goes to zero upon differentiation 
and is not retained automat icady. 



INTEGRATING A WAVEFORM 

To integrate the displayed operational waveform: 



Press 
I INTG I 



Display 



Comments 




The waveform has been 
Integrated. The vertical 
scale factor unit is blank. 
See Section 9, Command 
Language, for the specific 
algorithm. 



INTG Restrictions: The X register must contain a valid waveform memory address 
prior to executing the INTG command. INT ERROR is issued if this restriction is 
violated. 
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SMOOTHING THE WAVEFORM 

Essentially, smoothing replaces each point of the stored waveform with the average 
value of the waveform within the specified distance about the point. 



To .smooth u stored wuvvform: 

a. Display the \vaveft}rm to he smoothed (and enter its waveform 
number into the X register) hy usinf^ the WFM commamL 
h. Enter the width of the smoothing window (in divisions) to he used for 
smoofhitm the waveftnm into the X register, 
c. prex.y ( SMOOTH \ . 



For example, to smooth the displayed waveform with a window of 1 .5 divisions: 



Press 



Display 




Comments 

The operational wave- 
form has been smoothed 
using a 1 .5-division 
smoothing window. See 
Section 9, Command 
Language, for the specific 
algorithm. 



SMOOTH Restrictions: The Y register must contain a valid waveform number and 
the X register must contain a constant from 0 to 2 (inclusive), prior to execution of 
the SMOOTH command. SMO ERROR is issued if either restriction is violated. 
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RECALLING AND SETTING AN ORDINATE VALUE 

To recall the value of the operational waveform at the horizontal coordinate of 1.5 
milliseconds [from the start of the waveform): 



Press 

1.5 I EEX I 
{ CHS I 3 



Display 



Comments 




Enter the horizontal 
coordinate (from the start 
of the operational 
waveform) whose 
ordinate value is 
desired. 



IIORDIl 




The ordinate value of 
1 ,867 is returned to 
the X register. 



Cursor I (an be used to change a specific y^^as^eform poini to a new value: 
a. Turn on and position Cursor 1 to the point of interest, 
h. Key in the new point vaiue. 

c. Recali the HCRD setting to the X register with T HC RD ^ . 

d. Set the point to the new value with |y . 
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RECALLING AND SETTING AN ORDINATE VALUE (Cent) 

To set the ordinate value of the operational waveform at 2 milliseconds from the 
start of the waveform to a value of 3: 



Press 

3 I ENTERU 



Display 



Comments 




Enter the new value, 
3, into the stack. 



2 [ EEX ] 
I CHS~ 1 3 




Enter the distance from 
the start of the 
operational waveform. 




Exercise continues on next page 



REV MAY 1982 



6 87 



Using The Waveform Calculator— 7854 



RECALLING AND SETTING AN ORDINATE VALUE {Cont) 

>ORD Operation: The operational waveform is set to the vertical value given in the 
Y register at the location given in the X register, 

■ORD Restrictions: The Y register must contain a constant and the X register must 
contain a constant from 0 to the maximum horizontal value of the operational 
waveform {inclusive), prior to execution of the >ORD command. ^OR ERROR is 
issued if either restriction is violated. 

NOTE 

The waveform is autoscafed foUawing a >ORD command, if necessary. 



INTERPOLATING ON THE WAVEFORM 

To interpolate between the second and third vertical graticuie lines with the cursors 
off: 



Press 

500 1 EEX ] 
I CHS I 6 



Display 




Comments 

Enter the horizontal 
beat ion {{graticule 
divisions) * [horizontal 
scale factor)! 500 ^s 
into the stack. 



1 ENTER I 
1 1 EEX 1 
t CHS 1 3 




Separate the locations 
and enter the second 
horizontal location. 
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INTERPOLATING ON THE WAVEFORM (Cont) 

Press Display 





Comments 

Interpolate between 
500 /is and 1 ms of t he 
operational waveform. 



7b draw a straight ime (linearly interptfkite) between speeified pobtis on 
the operational waveform with the (wrjsor5 off: 

a. Kiw on e of the h orhoniai hiatiims into the stack^ 
h. fb-eSr'i [ to terminate entry of the first loeatkm^ 

c. Key the second horizontal location into the stack. 

d. Press [ / 77^ P 1 . 



ITBP Operation (Cursors Off): The portion of operational waveform delimited by 
the horizontal locations specified in the Y and X registers is replaced with a straight 
line* 

ITRP Restrictions (Cursors Off): The Y and X registers must both contain constants 
from 0 to the maximum horizontal value of the operational waveform (inclusive), 
prior to execution of the ITRP command. ITR ERROR is issued if either restriction is 
violated. 



Exercise continues on next page 
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INTERPOIJVTING ON THE WAVEFORM (Cont) 

To interpolate from the start of the second positive-going pulse to the top of the 
glttch: 



Press Display 




Comments 

Turn on Cursor 1 and 
position it to the start of 
the second positive-going 
pulse. 



( HCRD 1 




Return the horizontal 
coordinate value (the 
horizontal location of the 
desired starting point for 
interpolation) into the 
X register. 



I CRS1> 1 




OfW 


9 


vzn 


'1 






1 


& 




















L ! 


















1 


j 






























i 


J 


















1 ‘ 




























VCflE3 ^ 


3 

1m 




1*391 


! Hcno ^ 

Jm CRSI 


2.0 







Position Cursor 1 to the 
top of the glitch, the end 
po i nt f o r i nt e r po fat ion . 
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INTERPOLATING ON THE WAVEFORM (Cont) 



Press 
I ITRP 1 



Display 



Comments 




The designated portion of 
the operational waveform 
is replaced with a 
straight line. 



1 

To itiier point e \^ ith only Cursor ! on: 

it. Enter the start ini' point hitriiuntai iota t km info the X register, 
h. Posit km Cursor / ut the emi point of the portion to he interpolated. 

<■. Press [ ITRP ) . 



ITRP Operation (Cursor 1 On): The portion of operational waveform delimited by 
Cursor 1 and the horizontal location specified in the X register is replaced with a 
straight line. 

ITRP Restrictions (Cursor 1 On): The X register must contain a constant from 0to 
the maximum horizontal value of the operational waveform (inclusive), prior to 
execution of the ITRP command. ITR ERROR is issued if this restriction is violated. 



To interpolate from the center vertical graticule line to the present position of 
Cursor 1 : 



Press 

0 [ WFM i 



Display 




GPW 


B 


v?n 


-1 




1 E 






















































1 










■ 
























VCflO 






HCRD = 
1 WFVIVUFH 





Comments 

Display 0 WEM. 
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INTERPOL7\TING ON THE WAVEFORM (Cont) 



Press 



Display 



1CRS2-1 1 
ICRS2< I 




Comments 

Turn on and position 
Cursor 2 as shown. 



I ITRP 1 




Interpolate between the 
cursors. 



To inierpohte ivifh hoih mrsors on: 

a. Dl'ipfoy I hi* opennumul waveform min^ the WFM vommaml. 
h. Fo.^iikm the eurson at the end points of the portion he 
interpolated. 
t. Pres.s 1 ITRP ] . 



ITRP Operation (Cursors On): The portion of the operational waveform delimited by 
the cursors is replaced with a straight line. 

ITRP Restriction (Cursors On): The X register must contain a valid waveform 
number prior to execution of the ITRP command. ITR ERROR is issued if this 
restriction is violated. 
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INTERPOLATING ON THE WAVEFORM (Cont) 



7}jLs f?rfHedure /a helpful when yon want to generate a linear sect ion of 
waveform between two speci/k verneal values: 

a. Turn on and pifxition Cnrstfr / to the desired startini* point of the 
linear section. 

h. Set the starting p(}int to the desirt^d vertical level. 
i\ Move Cursor I to the ending point and set this t<i the desired vertical 
level. 

d. Interpolate betyveen these points. 

For example, to generate a linear section fnon the second vertical graticule 
line to the sixth, from 2 volts to -U.5 volt: 

a. Press f CRSt ^ and move the cursor to the second vertical 

graticule Hne, 

h. Set this point to the 2-volt level hy pressing 2 [ §0 

r^TwTTt ' 

c. Move Cursor I to the .dxth (center) vertic al graticu le line and s et this 
point to the -(i.5 volt level hy pressing ,5 { CHS \ [ liC RD~\ 

( ) ■ 

d. Press ^Cl.X ) to the if CRD o f the star ting point to the X 

register. Then interpolate hy presing f ITRP\ . 

You at times fmd it useful to manually generate known waveforms. Tlte 
following three examples may be helpful. 

To generate a ramp which is symmetrieai around the ert center: press 

0 ( WFM 1 0 Q ' Q C IXTG ] 1 MID \ GD , (Cursors must he 
off) 

To generate /u o cycles of a triangular waveform from the generated ramp: 

Press Ca bs ) I mid 1 Q C ABS 1 [MID D CD 

A^jh‘, to generate one cycle of sine u£7vt\ which will be accurate within 1% at 
512 PjW: First generate the cycles of triangular shape. Now press: 

1 on- 1 : ( SMOOTHS 2 1 smooth I 2 1 smooth l [ HSCP 1 

2.5 fT) H i »/'/■/ n 2 ( HXPD \ f HSCL \ 2.5 Q H 
I m^rr i . 



NEXT EXERCISE BEGINS WITH POWER-UP 



@ 
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PROGRAMMING 



A 7854 program is a series of commands stored by the processor for later 
execution. The program can then be run as often as necessary. The results obtained 
at the end of program execution are identical to those you would have received by 
manually pressing the keys one at a time. 

NOTE 

Programs can be writterj fnto the program memory efther from the 
Waveform Cafcufator keyboard or from the GPfB. Only programming 
with the Waveform Calculator keyboard is discussed here; see Section 
7. GPfB information, for details concerning 7854 programming over the 
GPIB. 



PROGRAM MEMORY 

The commands that make up the program are stored by the processor in the 
program memory. The program memory is separate from the stack, constant 
registers, and waveform memories; but the processor may utilize any or all of these 
storage devices during program execution. 



Stored programs are organized by program lines which consist of a three-digit 
processor-assigned line number and a mnemonic-oriented command group. 
Program lines are sequentially numbered from 000 to a maximum of 999. Each 
program line must contain at least one command (in addition to the line number), 
and may contain more. A representative program line could be: 



LINE 

NUM8ER 



>000 SCOPF VMDL HMDA 75 AVG ^"GRED 



EDIT 

PROMPT 



COMMAND 

GROUP 



Notice that the keystroke commands are stored and displayed as the corresponding 
mnemonics, and that spaces automatically separate adjacent mnemonics. To 
conserve space, the blanks between adjacent numeric commands (0-9. EEX. and 
embedded CHS commands) are suppressed. 

The total number of commands that may be entered on one program line is limited 
to 35 characters, which includes the separating spaces between mnemonics, if a 
command is issued during program entry which would cause the command group to 
exceed the limit of 35 characters, a warning^ Is issued and a new program line is 
started. The last command Issued (which exceeded the allowable line length) then 
becomes the first command on the new line. 



^The warning message of XXX WARNING is not displayed for this warning- 
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Program memory will hold a maximum of 920 (commands plus line numbers), 2000 
with Option 2D and a maximum of 1000 program lines. If the program memory is 
full and you attempt to enter an additional command: (1) The ERROR indicators will 
light; (2) the audible warning tone will be issued if the AUDIBLE ERROR/WARNING 
switch is ON; (3) the display will blink; and (4) commands other than CLL (Clear 
Line)t CLP (Clear Program), or EXECUTE, will not be accepted. 



PROGRAM MODES 

Three program modes are provided with the Waveform Calculator: (1) The Entry 
mode In which commands are not executed but are instead stored in program 
memory for later execution; (2) the Edit mode which allows the deletion and 
rearrangement of entire lines of programmed commands; and (3) the Execute mode 
which allows the processor to automatically execute the programmed commands. 



THE ENTRY AND EDIT DISPLAYS 

The edit prompt, indicates where the program can be currently accessed for entry 
or editing and is displayed at the start of the program line printed on crt display line 
8. This program line (which is preceded by the edit prompt) is called the current 
program line when entering or editing a program. The end-of-program line is the 
blank line following the last assigned program line. 



The Entry and Edit modes override the CRT DISPLAY commands to display up to 16 
lines of program. The current program line is printed on display line 8 with the 
previous seven program lines displayed above this, and the subsequent eight 
program lines displayed below. Program lines are assigned line numbers after an 
entered line is terminated. A typical program display is shown in Figure 6-2, 



000 L00 

001 SCOPE VHDL 

00Z L0I RDDUT 1 IF!(- 
00 J 1 lbl CDTQ 
004 L02 VtlDR 

[ RDDUT 1 IFX-Y- 
00B 2 U8L GOTO 
>007, 1 01 vnriALT . , 


'¥ 2 LBL GOTO 
3 L0L GOTO 


m AQR STOftED ' 
dm CLD CR5I 0 >HCRO 

010 0 WFM MIN - 5 1^ 

011 0 k/FM 2 >UFM 

012 } 'rfFM MTN - 5V 

013 0 UFM r >WFM 
01+ 1 DSW 2 D5W 

015 CRSI 2 WFM MID > 


DFF 

XPD ! >VZH 
XPD 3 CHS >V2R 

VCRD 1 ^fn P-P 



2873 351 



Figure 6-2. A typical program display on the 7654 Oscilloscope. 



* Applies only to instruments with serial numbers « elow B085121. For instruments with 
serial number BOB SI 21 and above, features previously provided by Option 2D are standard. 
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THE ENTRY MODE 

The program Entry mode is invoked by the first programmable command received 
by the processor following either the PROG (Program Entry) command or an edit 
command. If a program is not already stored, onfy the edit prompt and the 
mnemonic of the last received command will be displayed (see Fig. 6-3); otherwise, 
a onedine space is opened in the program prior to the current program line, and the 
edit prompt and newly entered command mnemonic are displayed at the start of this 
new program line {see Fig. 6-4). Any additional programmable commands issued 
are sequentially added to the command group of the current program line. The Entry 
mode can be identified by the absence of a line number before the command group 
of the displayed current program line. To leave the Entry mode simply issue any of 
the program edit commands or the EXECUTE command. 




Figure 6-3. Example of the program Entry mode without previously stored programs. 



0ia 0 iiFti ritht - .5 


yXPD 1 >yiH 


011 0 Ufrt 2 >WFH ■ 




012 1 ;^FM rtiN - .5 


VXPC 3 CHS 


013 0 WFM t >UFn 




0H 1 OSU 2 DSW 




015 CRSI 2 UFH MJD- 


■>KRD 1 WFrt P”P 


0J6 VC^^C - CRS2-1 5 


'VCRD DELAY 


> , 1 >CNS, I 




03B STOP L04 





2873-353 



Figure 6-4. Example of the program Entry mode with a previously stored program. 
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THE EDIT MODE 

The program Edit mode is invoked by issuing CLL {Clear Line). CLP (Clear Program), 
PREV (Go to Previous Line) or NEXT (Go to Next Line) when in the Entry mode' or by 
issuing the PROG command when in the Execute mode if a program is already 
stored. The Edit mode (see Fig, 6-5) is distinguishable from the Entry mode by the 
line number between the displayed edit prompt and the command group of the 
current program line. The Edit mode is exiled by issuing the EXECUTE command or 
by invoking the Enter mode. 



BBS 1 RDDUT I IFX-O lBL CDTO 
2m 2 LBL GOTO 
0B7 L03 VMDALT 
000 AQR STORED 
009 CLD CRS» 0 >HCft 
0F0 0 VFn MIN - 
01 1 0 VFtt 2 >UFn 

0K 1 DSW 2 nsv 
015 CRSf 2 WFM 
0ie VCRB ' CRS2-1 
017 \ >CNS 
0t8 STOP lat 



CFD OFF 
-WD 1 >VZR 



]b^VERD 1 9FM P-P 
3VCRD DELAY 



2 S 73 35^ 



Figure 6-5. Example of the program Edit mode. 



THE EXECUTE MODE 

The Execute mode is invoked, only after a program has been stored in the program 
memory, by issuing either RUN, START, or STEP following the EXECUTE command. 
The Execute mode is made up of two distinct states: (1) The Run state which is 
entered by executing the RUN or START command, and (2) the Step state which is 
entered by executing the STEP command. Before invoking either state of the 
Execute mode {and after leaving the Enter or Edit mode with the EXECUTE 
command) the processor is in the "'idle'" state. While in the idle state, the processor 
will only execute directly issued commands from the keyboards or the GPIB. 



STOP is the only directly issued command which will be accepted during the Run or 
the Step state: all other directly issued commands are ignored. The 7854 returns to 
the idle state after executing a stored STOP command or by a directly issued STOP. 
An error, or a warning occurring in the Step state, will also return the processor to 
idle. 
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AN INTRODUCTORY PROGRAM 

The exercises given here are intended to acquaint you with the program entry 
display and will not go into the details of command operation. 

This introductory program will average a realTime signal 75 times, store the 
averaged waveform in 3 WFIVl, measure the peak-to-peak amplitude of the 
waveform and place this amplitude in constant register 1 {1 CNS). Then a window 
from +10% to -10% of the peak-to-peak amplitude is computed: the 110% amplitude 
value is stored in 2 CNS and the 90% value in 3 CNS. The input signal Is then 
averaged again and the present peak-to-peak amplitude is compared with the 110% 
and 90% limits. 



To do this manually you would first set up the desired real-time display and then 
issue the following commands: 



/5 II AvG II 3 n 1 >WFIV1 \ 


Average and store the 
selected waveform in 3 
WFM. 


1 


n 1 >CNS 1 


Measure the P-P 
amplitude and store in 
1 CNS. 


1 [ CNS 1 


1.1 m 2 n i“?cNs 1 


Compute 110% value 
and store in 2 CNS. 


1 (1 CNy 1) 


0.9 f71 3 n 1 >CNS 1 


Compute 90% value and 
store in 3 CNS. 


1 AVG10 1 


II P-P It 4 n [ >CNS 1 


Average the input 
signal {only 10 times, 
for speed} and place 
the P-P value in 4 
CNS. 


2 ( CNS ) 


[ IFV>X 1 


Compare if the present 
P-P value is greater 
than the 1 1 0% limit 
value. 


3 1 CNS 1 


4 ll CNS n 1 IFV>^ 1 


Compare if the 90% 
limit is greater than the 
present P-P value. 



Now, let's enter the introductory program into program memory. 
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ENTERING THE PROGRAM 

Perform steps 1 through 5 of the procedure for Obtaining a Scope Display given in 
Section 4, Scope Display Mode Information, 



Press Display 




Comments 

The program Entry mode 
is invoked. The edit 
prompt is displayed at 
the start of display line 
8 . 



The start of this program 
is identified with a label 
(L01J, Notice that the F 
mnemonic was only 
displayed until the shift 
function was issued. 



NOTE 

Aif new commands used m t/iis exercise wi/f be discussed in detail 
fater in this section. 



II 



L0I 









The edit prompt is 
advanced to the next 
program line. Notice that 
the line number [000} 
has been added to the 
previous program line. 



Fxe raise continues on next page 
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ENTERING THE PROGRAM (Cont) 

Press Display Comments 

The mnemonics of the 
issued commands are 
entered into the 
command group of the 
current program line. 
Spaces separate adjacent 
commands {except 
adjacent numeric 
commands). This 
command group will 
initialize the real-time 
display. 



I SCOPE 1 

Vertical Mode: 
( LEFT 1 



Horizontal Mode; 

© 



>m\ ;iCqPE VffflL HTOC 









NOTE 

Notice that the mnemonics VMDL are displayed to indicate 

the selected vertical and horizontai modes. (AH settings of the 
VERTICAL and HORIZONTAL MODE switches are programmable: see 
the Glossary in section 1 for mnemonics.) 



HOFF II 
I NEXT 1 



L91 

031 ^CDPE VUCL HrtDS 


'dff 


! 

1 





Initialize the cursors by 
assuring that they are 
turned off. The NEXT 
terminates the line and 
advances the edit 
prompt, ■ 



@ 
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ENTERING THE 

Press 

75 I AVG I 3 
M I >WFM I 
1 NEXT 1 



II P P II 1 

n i>cNS] 

1 II OMS II 1.1 

Q 2 

n i>cNs I 

1 { CNS I 



PROGRAM (Com) 

Display Comments 



000 L01 

001 SCOPE /MDL K10B OPF 

002 75 AVC 3 >WFM 


Enter the commands to 
average and store the 
waveform. Notice that 
the space between the 7 
and 5 is suppressed. 









! 

L01 

001 SCOPE VnDL Hnoe 
me 7S 3 >1/FM 

mi p-p 1 >c:ns ( 

> CNS 


1 ^ 

OFF 

; 1.1 * z ?cNs 1 


1 


1 

j 



Attempt to enter the 
remaining commands of 
the program. Although 
this is a more efficient 
use of the program 
memory, this will make 
editing a program more 
difficult and is done here 
to demonstrate the 
automatic NEXT which 
occurs when the line 
length of 35 characters 
is exceeded. Notice that 
the processor terminated 
the full program line, 
advanced the edit 
prompt, placed the 
offending command tn 
the new current program 
line, and issued a 
warning\ 



Exercise continues on next page 



’The warning message of XXX WARNING is not displayed for this warning. 
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ENTERING THE 
Press 
0.9 © 3 
n ( =-CNS 1 

I NEXT 1 



n t~LNN I 

0 2 1 AVG10 1 

1 P P 1 4 

a UCNS 1 
TneYt ) 



2 I CNS~ 1 
I IFV>X 1 
1 STOP 1 
( NEXT 1 



PROGRAM ICont) 

Comments 

Enter the commands to 
compute and store the 
90% limit. 



Enter the commands to 
average the input signal 
and store the P-P value 
in 4 CNS. The label (L02J 
will be used as the start 
of the loop. 



Compare the present P-P 
value to the 110% limit. 

If the P-P value is greater 
the program will stop. 



sm L191 

m \ score ^mdl hgid^ dff 
032 75 AVC 3 

003 P-P t >CPTS I CfJS 1 , 1 12 >CMS I 
(104 CNS 0.g t 3 >CNS 
005 L02 AVC50 P-F 4 >CNS 
00Fi 2 CNS [FY>X STOP 




Display 




@ 
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ENTERING THE 
Press 

3 \ cr'is 1 

4 P'CNSl 

HFv>yi 

i STOP 1 
I NEXT 1 



2 o(no 

I GOTO I 
{ NEXT I 



1 STOP 1 



PROGRAM (Cont) 

Display Comments 

Compare the 90% limit to 
the P-P. If the P-P value 
is less the program will 
stop. Notice that line 
000 is no longer 
displayed, although it is 
retained in program 
memory. 



001 SCOPE VPIDL HnDO 
00? 7S hK 3 >WFt1 ; 
003 f-P 1 >CNS 1 cN 
001 CNS 0.3 * 3 ^CN 

005 LB2 ^VC10 P-P 1 

006 2 CNS IFV>X STfl 

007 3 CMS 4 CNS in 


i 

1 U 1 t ^ >CNS 1 
! >a^s 

p 

>X STOP 







002 75 AVG 3 >WFt1 

003 P-P J >CMS 1 ClJ 

004 CtJS 0.9 t J >CW 

005 IZ2 AVCI0 P-P 1 

006 2 CNS IFT>X STD 

007 3 CNS 4 CMS IPX 
080 2 LBL GOTO 

> , . r - 


suit? >CNS 1 

s 

'>CNS 

> 

►X STOP 







If the present P-P value 
is within the monitoring 
limits, the program will 
return to label L02and 
continue executing 
commands from there. 



002 7S AVC 3 >VFM I 

003 P-P 1 >CNS \ crJ 

004 CNS 0.9 * 3 >CN 
80S UJ2 A^Gf0 P-P r 

006 2 CKS IFV>X STO 

007 3 CNS 4 CNS FX 
000 2 LBL GOTO 

T' i STqp , 


1 t.1 t 2 >CNS 1 

'B 

r>CNS 
*X STDP 




1 



The end of this program 
is identified with a STOP. 



The introductory program is now stored in the 7354 program memory and can be 
executed at any time. 
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EXECUTING THE PROGRAM 

To execute the In troductory pro gram now stored in the 78 54^ first invoke the idle 
state by pressing L EXECUTE ] . The processor now returns display control to the 
previously selected CRT DISPLAY mode (SCOPE)* 

NOTE 

The PROG and EXECUTE fund ions are issued with alternating 
actuations of the I PROGRAM ENTRY/EXECUTE I key. 

Now connect an 8-volt (peak-to-peak), 1-kHz sine wave to the input of the LEFT 
VERT amplifier unit from a function generator* (Recommended type: TEKTRONIX 
FG 503 Function Generator used with a TM 500 Power Module*) 

Set the LEFT VERT amplifier unit to display about 4 divisions of signal centered 
around the center horizontal graticule line* 

To execute the program from the first command of line 000: 

Comments 

The program is executed 
command-by-command 
beginning with the first 
command of line 000* 

The lighted BUSY 
indicators are the only 
indication that you will 
have that this program is 
executing* 



Press 



Display 




Vary the output amplitude of the function generator until the BUSY lights go out. 
Verify that the program has been executed by first setting the STORED INTensity 
control to quarter range. Now: 

Comments 

The contents of 0 WFM 
are displayed. Notice that 
the current program line 
number (pl g) is 
displayed in display line 
16 near the right edge of 
the graticule. This 
indicates which program- 
med STOP caused the 
interruption. 



Display 
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CLEARING THE PROGRAM 

To clear the entire contents of the program memory, which in this case is the 
introductory program, first return to the Edit mode by pressing I PROG 1 . Then: 



Press 

O (CLP] 



Display 



1 

i 

PR£5S TO C»JF]R 


1 

DESTROCTION 







Comments 

A warning^ is issued and 
the crt displays only the 
statement "'PRESS 
NEXT TO CONFIRM 
DESTRUCTION". 



II 



> 1 1 1 









The program memory is 
cleared. 



If after the CLP is issued you don't want to clear the program memory, simply issue 
any command other than NEXT and the CLP command will be aborted. 

If you have more than one program stored and you want to clear a selected program 
and not the entire program memory, use the CLL (Clear Line) command as described 
later under Editing a Program, 

CLP Operation: The CLP command must be followed with the NEXT command in 
order to clear the program memory. After the CLP command is issued the display 
shows only the statement: PRESS NEXT TO CONFIRM DESTRUCTION, 

If the following command issued is not NEXT, the CLP command is aborted. 

CLP Restrictions: If the CLP command is not issued in the Edit or Entry mode, 
CLP ERROR results. 



^The warning message of XXX WARNING is not displayed for this warning. 
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PROGRAMMING TECHNIQUES 

In the Introductory Program exercises just performed, you entered and executed a 
program that computed a +10% amplitude window for a waveform. This program, 
when entered into the program memory, consisted of the following four major parts: 
(1) The beginning, (2) the initialization, (3) the body, and {4} the ending. All 7854 
programs should contain these four parts, although they need not be entered 
sequentially due to the power of such programming features as branches and 
subroutines. However, we recommend that you try to keep these parts sequential in 
the program memory until you are comfortable with 7854 programming. Flowcharts 
should be used when writing programs to keep track of the different parts of the 
programs. 



FLOWCHARTS 

A flowchart should be used when writing a program to outline the process used by 
the program to solve a problem. With up to 1000 program lines available, you could 
quite easily get lost while creating a long program, A flowchart, in addition to 
documenting your program, will help you design programs by breaking them into 
smaller groups of commands. 



Flowcharting symbols vary from source to source; however, in this manual we will 
use ovals to represent the beginning and end of a program or routine, and 
rectangles to represent groups of commands. Diamonds will be used to represent 
decisions where a choice of two outputs can be made. 



You can make your flowcharts as basic or as detailed as you like. At times your 
flowchart may exactly duplicate the programmed commands; and at other times, 
having several command groups represented by a single block in the flowchart 
could be more useful. 



Flowcharts should be drawn linearly, from the top of the page to the bottom, 
reflecting the flow of the program from beginning to end. Use the flowcharts given 
throughout the rest of this section to help you understand the features of 
programming with the 7854. Then draw your own flowcharts to help you write, edit, 
and document your programs. 



Figures 6-6 and 6-7 both show flowcharts for the Introductory Program. Neither is 
more correct than the other; however, the flowchart shown in Figure 6-7 would be 
more help in creating a specific program. Make your flowcharts as detailed as 
required to aid in documenting your programs or routines. Figure 6-3 gives a 
flowchart for a pulse-measuring program. 






6-106 



Using The Waveform Calculator — 7854 




2B73 371 



Figure S' 6. Basic flowchart of the introduotorv program. 
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2873 3 



Figure €-7. Detailed flowchart of the introductory program. 
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SETUP REAL TIME DISPLAY: 
LEFT AND B 



TURN OFF CURSORS 



STORE AND DISPLAY PULSE WAVEFORM 



MEASURE PULSE MAX VALUE 



TURN ON CURSOR 1 



j SET VCR D TO 


1 MAX VALUE 






1 STORE HCRD OF MAX POINT | 


1 


1 RETURN CURSO 


IR 1 TO POINT 0 



TURN ON CURSOR 2 



SET CURSOR 2 TO MAX POINT 



1 MEASURE AND STORE RISE 




r 


1 MEASURE ANI 


D STORE FALL | 




f 


1 MEASURE AND STORE DELAY | 


1 


f 


1 MEASURE AND STORE WIDTH [ 




STOP 



2873 ‘373 



Figure 6-B Flowctvan for the basic pul so- measuring program. 
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DEFINE PROGRAM BEGINNING 

The beginning of every program or routine should always be defined with a label. 
Labels permit you to have up to 100 uniquely labeled routines {labeled from L00 to 
L9S) In program memory. These routines can be executed In any order desired. For 
best visual identification of the beginning, don't place any additional commands on 
the same line. Also, always document the use of each label in program memory as 
you assign it, since labels can also be used as targets for branches. Be careful not to 
assign the same label more than once in the program memory because the 
processor will only find the first occurrence of the label and will ignore any others. 



PROGRAM INITIALIZATION 

Normally a program or routine will require that certain features (such as the vertical 
and horizontal modes, the display mode, the stack, the cursors, etc.) be preset to a 
known condition. This is called initialization and, whenever possible, should be done 
with programmed commands. Obviously not all features can be set or selected with 
programmed commands and these will have to be set manually. But, in any case, all 
initialization should be done prior to executing the program and should be 
documented thoroughly. A properly initiafized program will result in far less errors 
and mistakes due to improper operands than will a program which was not properly 
initialized. 



THE PROGRAM BODY 

The program body consists of the commands executed between the program 
beginning and ending which either solve a specific problem or process specific data 
in a predetermined order. The program body could use such features as branches, 
loops, or subroutines: or it may not use any of these. Whether or not the program 
body makes use of these programming features will depend upon what the program 
is to accomplish, as well as your familiarity with these features. 

The program body will also include commands to allow you to "'view" the program 
when it is executing, as well as commands to help locate program mistakes {debug). 



Unconditionak Branching 

The stored GOTO (Go To Program Line) command is used to transfer program 
execution to a specified program line, and should always be used in conjunction 
with the LSL (Return Label) command. For example, if the processor is executing 
a program and encounters "6 GOTO", execution is immediately transferred to 
the first command of program line 006* However, if the processor encounters 
"6 LBL GOTO", execution is transferred directly to the first command of the line 
containing label L06, no matter what program line label L06 is in. When a GOTO 
command is used to transfer program execution as just described, this is called an 
unconditional branch. 



@ 
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Looping 

When program execution is branched to a previous program line, the branch is 
referred to as a loop. A loop was used in the Introductory Program to repeatedly 
store and monitor the arnplitude of the incoming signal. When used in this manner, 
to continually update data or perform calculations, the loop is a powerful 
programming feature. 



Conditional Branching 

Two commands are available which give the processor the ability to make decisions 
based on the comparison of the contents of the Y and X registers. These commands, 
lFV>JCand 1FT=J'when stored in a program, wifi transfer execution based on the 
results of the comparison. If the specified condition is TRUE, program execution 
continues with the next command; if FALSE, execution continues with the first 
command of the next line. 



Subroutines 

When a group of commands is to he executed several times throughout the 
program, consider using a subroutine. The GSB (Go to Subroutine) command is 
used like the GOTO command to transfer program execution to a specified line 
number, and should also be used in conjunction with the LBL command to branch 
to the start of the line containing the specified label. However, unlike the GOTO 
command, when the program next encounters a RTN (Return) command, execution 
is transferred back to the command following the calling GSB. Execution then 
continues sequentially through program memory. 



Subroutines can contain a loop, or can be executed as part of a loop. Also, a 
subroutine can call another subroutine; this is known as "nesting". Subroutine 
nesting is limited by the number of RTNs that the processor can keep pending. In 
the 7854 up to 10 subroutines can be nested. However, when using subroutines 
keep in mind that whenever the end-of-program line is reached by the processor, 
the subroutine return register is cleared. 



DEFINE PROGRAM ENDING 

The program ending should be defined with a programmed STOP, When the 
processor is executing a program and encounteres a stored STOP command, 
execution is halted and the processor goes to the idle state. A fabel accompanying 
the STOP can be used to differentiate between the end-of-program STOP and other 
stored STOPs. This is most useful when searching for program mistakes 
(debugging). Again, be sure to document the use of the assigned label(s). 
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WRITING A PROGRAM 

The process used to write any program can be separated into the following four 
steps: (1) Define the program objective {2) detail the intended flow of the program 
with a flowchart (3} translate the flowchart statements into specific commands, and 
{4} enter the program. The following exercises will illustrate this process. The 
location of the keys demonstrated here are shown in Figure D, blocks 1 and 19. 



CREATING A PULSE-MEASURING PROGRAM 

The first step when writing any program is to define the objective* We will now 
create a program to store a selected pulse waveform; then measure and store the 
associated RISE, FALLh. DELAY, and WIDTH parameters. 

Now that the program objective is defined, we need a flowchart. Try to be as specific 
as possible when making flowcharts to aid yourself in translating the flowchart into 
specific 7854 commands. Figure 6-8 is a flowchart for our pulse-measuring 
program. 

After you are satisfied that your flowchart is as complete and detailed as you 
require, translate the flowchart statements into specific command groups. Let's 
now do this for our pulse-measuring program: 



Flowchart 

Statements 


Commands 


Comments 


Begin 


n [ LNN 1 00 


Assign label L00 to the 
program beginning. 


Setup real-time 
display: LEFT 
and B. 


1 SCOPE 1 

Vertical Mode: [ L^ 1 
Horizontal Mode; [Bi 


Select the real-time 
LEFT VERT and B HORIZ 
compartments for display* 


Turn off cursors 


I OFF ) 




Store and display 
pulse waveform. 


1 AQR 1 2 
n ( >WFM ) 
1 STOREDl 


Acquire the real-time 
puise and store in 
2 WFM; select STORED 
display. 


Measure pulse MAX 
point. 


( MAX ) 0 

il L>cns) 


Measure MAX and store 
value in 0 CNS. 


Turn on Cursor 1 * 


Ki (~C R S1 ) 
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Flowchart 

Statements 


Commands 


Comments 


Set VCRD to MAX 
value. 


0 ( CNS ) 
n 1 >VCRD I 


Return MAX value from 
0 CNS to X register; 
set Cursor 1 to the MAX 
point by changing the 
VCRD to this value. 


Store H CRD of MAX 
point. 


( HCRD 1 1 
n { >CN5 ] 


Store position of MAX 
point in 1 CNS. 


Return Cursor 1 
to point 0, 


0 n ( >hcrd“i 


Return Cursor 1 to point 
0 by setting the HCRD 
to 0. 


Turn on Cursor 2 


1 CRS2-1 } 




Set Cursor 2 to 
MAX point. 


1 1 CNS~"l 
n ( >HCRD t 


Return position of MAX 
point from 1 CNS to 
X register; move Cursor 2 
to this position by 
changing the HCRD. 


Measure and store 
RISE. 


1 RISE 1 2 

n i >cNsj 


Store RISE time in 
2 CNS. 


Measure and store 
FALL. 


n t fall J 3 

■a ( >cNs ) 


Store FALL time in 
3 CNS, 


Measure and store 
DELAY. 


( DELAY 1 4 
n [ >CNS ] 


Store DELAY time in 
4 CNS. 


Measure and store 
WIDTH, 


[ WIDTH ) 5 

n ( >cNs ] 


Store WIDTH in 5 CNS, 


STOP 


1 STOP ) 


Identify end-of-program 
with STOP. 



Now you're ready to enter the program into the 7854 program memory- 



@ 



6-113 



Using The Waveform Calculator— 7854 



ENTERING THE PULSE MEASURING PROGRAM 

NOTE 

A complete of the entered program is given at the end of this 

exercise in figure 6-9, Consa/ting this /i sting white entering the 
program may be heipfui. 



Press 
I PROG 1 



Comments 

Invoke the Edit mode. 



n I LMN 1 00 



Enter label L00to identify 
the program beginning. 



LNN Operation: The LNN command, when executed, starts a label in the program. 
This command must be followed by two digit commands to complete the label. 
Initially the label is displayed as LNN; however the first N is then replaced with the 
first digit entered, and the second N with the second digit. 

LNN Restrictions: The LNN command is executed only when the processor is in 
the program Entry mode, and must be followed either by the CLL [Clear Line) 
command or by two successive digit commands. Otherwise, LNN ERROR is issued, 
although the message is only displayed in the STORED or BOTH modes. 

Continue entering the program: 

Press Comments 

I NEXT t Advance the edit prompt 

to the following program 
line. A warning^ is 
issued whenever a new 
line is started. 



NEXT Operation: When the NEXT command is issued in the Entry mode, the entry 
line is terminated [line number assigned), and the edit prompt is advanced to the 
next program line. If the NEXT command is issued in the Edit mode, the edit prompt 
is advanced to the next program line. 

If the t NEXT 1 key is held down after the initial actuation, the edit prompt 
increments through the existing program lines [if any) toward the end-of-program 
line. 



^The warning message of XXX WARNING is not displayed for this warning. 
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ENTERING THE PULSE -^/lEASURING PROGRAM {Cont) 

Automatic NEXT Operation: Whenever a command is issued which causes the 
program entry line to exceed the 35 character line length limit, an automatic NEXT 
is executed* At this time a line number is assigned to terminate the full line, a new 
line is started with the last entered command, and a warning^ is issued, 

NEXT Restrictions: The NEXT command is executed only in the Entry or Edit 

modes, and only if the current program line is not the end-of-program line. 

NEX ERROR is issued if any of these restrictions are violated, although the error 
message is only displayed if the command was issued over the GPIB while in the 
Execute mode. 

Now, enter the remaining commands of the pulse-measuring program (using the 
NEXT to separate command groups) by pressing: 

( SCOPE 1 [ LEFT 1 of VERTICAL MODE (j] HORIZONTAL MODE [ NEXT.l 
i OFF 1 1 NEXT 1 

[ AQR I 2 n t >VtfFM ) [ STORED | 1 NEXT | 

1 MAX ) 0 O t ^CNS ) ( NEXT \ 

O I CRS1 ) 1 NEXT 1 

0 { CNS 1 n ( >VCRD ) ( NEXT 1 

1 HCRD 1 1 n I >CNS~1 I NEXT ) 

0 n ( >HCRP 1 1 NEXT 1 

1 CRS2-1 1 1 NEXT I 

1 { CNS 1 D 1 >HCRD~1 { NEXT 1 
I RISE I 2 O ( ^CNS 1 1 NEXT 1 



’’The warning message of XXX WARNING is not displayed for this warning. 
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ENTERING THE PULSE-MEASURING PROGRAM (Cont} 

a I FALL 1 3 n ( >CNS~1 [ NEXT | 

( DELAY 1 4 Q 1 >CMS 1 ( NEXT ] 

( WIDTH 1 5 n ( >CNS ] ( NEXr 1 
I STOP 1 ( nexT~i 



The pulse-measuring program is now stored in program memory. 



000 


L00 




001 


SCOPE VMDL HMDB 




002 


OFF 




003 


AQR 2 >WFM STORED 




004 


MAX 0 >CNS 




005 


CRS1 




006 


0 CNS >VCRD 




007 


HCRO 1 >CIMS 




008 


0 >HCRO 




009 


CRS2-1 




010 


1 CMS >HCRD 




011 


RISE 2 >CNS 




012 


FALL 3 >CNS 




013 


DELAY 4 ^CNS 




014 


WIDTH 5 >CNS 




015 


STOP 


2073-375 



Figure 6^9. Listing of the basic pulse -measuring program. 
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EXECUTING A PROGRAM 

As previously explained, a 7854 program can be executed in either of two states: 
Run or Step, The following exercises demonstrate the use of each st^te. Figure D, 
block 19 shows the location of the keys demonstrated here. 



STARTING THE PULSE-MEASURING PROGRAM 

With the pulse-me asuring progra m stored in the program memory, return to the idle 
state by pressing \ EXECUTE L 

Connect an 8-volt (peak -to- peak) 1-IVlHz square wave to the LEFT VERT amplifier 
unit from a function generator. (Recommended type: TEKTRONIX FG 503 Function 
Generator used with a TM 500 Power Module,) 

Set the B HORIZ time-base unit for a 100 nanosecond/division sweep rate using a 1 
microsecond/division setting with XI 0 magnification. 

If necessary, return to the SCOPE display mode by pressing [ SCOPE 1 . 

Adjust the deflection factor of the LEFT VERT amplifier unit to display about four 
divisions of signal. Vertically center the display. 

Using the B HORIZ position control, position a positive-going pulse to horizontal 
center. 

Run the pulse-measuring program from the first command of line 000 by pressing 
m ( START When the program is finished, the display will appear similar to 
that shown in Figure 6-10. 




2873 37? 



Figure 6-10 Typical display after executing the pulse -measuring program. 
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STARTING THE PULSE-MEASURING PROGRAM (Cont) 

START Operation: When the START command is directly issued with the 
processor in the idle statCn the processor goes to the Run state and begins executing 
the program with the first command of line 000* If a stored START command is 
encountered when the processor is in the Run state, program execution is 
immediately transferred to the first command of line 000. However, if a stored 
START command is encountered when in the Step state, program execution is 
halted and the processor returns to the idle state with the edit prompt set to line 
000. Ail START commands clear the subroutine return register (the register used 
for tracking RTN commands). 

START Restrictions: If the START command is directly issued but a program is not 
in the program memory, STA ERROR is issued. 

RUNfSJING THE PULSE MEASURINQ PROGRAM 

When more than one routine is in program memory and you want to execute a 
selected routine which does not begin at line 000, you must first set the edit prompt 
to the beginning of the desired routine. Although this can be done manually in the 
Edit mode, if you have assigned a label to specify the beginning of the program, 
using directly issued LBL and GOTO commands can be quicker. 

For example, at this time the edit prompt is at program line 015, and we want to 
execute the program which begins with label L00. (Although in this case the label is 
at line 000, it might not always be at this line number.) 

Press Comments 

0 Q II LBL D [GOTO] The displayed program 

status changes from 
PL 1 5 to PL 0 to 
indicate that the edit 
prompt has moved to 
line 000, which is the 
first occurrence of label 
L00. GOT WARNING is 
issued if the constant in 
the X register was 
greater than the last 
assigned program line 
number. Also, this 
causes the edit prompt 
to be set to the blank 
end'of -program line, the 
program line number to 
be blanked from the 
STORED or BOTH 
display, and the 
processor to return to 
the idle state. 
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RUNNING THE PULSE-MEASURING PROGRAM (Cont) 

At this time you can execute the pro gram beg inning with the first command of the 
current program line by pressing [ RUN Notice that the pulse-measuring 
program is again executed. 

LBL Operation: The program line number containing the first occurrence of the 
labei specified in the X register is returned to the X register, 

LBL Restrictions: The X register must contain a constant which, when rounded to 
the nearest Integer, is from 0 to 99 (inclusive) and represents a label which occurs 
at ieast once in the program memory. lBL ERROR is issued if either restriction is 
violated prior to execution of the LBL command, 

GOTO Operation: When the GOTO command is directly issued, the edit prompt is 
moved to the program line specified by the number in the X register; but, the 
processor remains in the idle state. When a stored GOTO command is encountered 
with the processor in the Run state, program execution is continued at the first 
command of the program line specified by the number in the X register. However, 
when a stored GOTO command is encountered in the Step state, the edit prompt is 
then moved to the program line specified in the X register. 

GOTO Restrictions: The X register must contain a constant which, when rounded 
to the nearest integer, is from 0 to 999 inclusive. GOT ERROR 'S issued if this 
restriction is vioiated prior to execution of the GOTO command. 

RUN Operation: The processor goes to the Run state of the program Execute mode 
when the RUN command is executed. Stored commands are sequentially executed 
in the Run state. 

RUN Restrictions: If the BUN command is issued when the edit prompt is at the 
end-of-program line, or when a program has not been stored, run ERROR fs 
issued and the processor will not go to the Run state. 
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STEPPING THROUGH THE PULSE-MEASURING PROGRAM 



Programs can be executed one line at a time by using the Step state of the Execute 
mode. Set the edit prompt to the be ginning of the pulse-measuring program by 
pressing 0 Q [ LBL \ [ GOTO ^ . 



To Execute the command group of the current program line: 

Press Comments 

I STEP 1 The command group of 

the current program line 
is executed. Since the 
ony command on this 
line was a label the 
LNN mnemonic is 
displayed and the edit 
prompt is advanced a 
tine as indicated by 
PL 1. STE WARNING is 
issued if the edit prompt 
is at the end-of-program 
line. 



Continue stepping through the pulse-measuring program with the [ STEP 1 . The 
display will change to the real-time pulse, and (after two more STEP commands) wifi 
reacquire and display the stored pulse. Refer to the listing given in Figure 6-9 as 
you step through the program to verify that the program is indeed being executed by 
command groups. 

Notice that when y ou reac h program line 15 execution Is stopped by the stored 
STOP command. If ( STEP 1 is pressed again, t he proce ssor finishes executing any 
commands remaining on this line. The next [ STEP 1 brings us to the end-of* 
program line where STE WARNING is issued. 

STEP Operation: The processor goes to the Step state of the program Execute 
mode when the STEP command is executed. This command is not programmable. In 
the Step state, the commands on the current program line are sequentially 
executed, the edit prompt is advanced to the next line, and the processor returns to 
the idle state. However, if the line contains a stored STOP or RUN command, the 
processor will either stop or switch to the Run state, respectively. 

NOTE 

The STEP command wiU not terminate numeric entry into the X 

register. 
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EDITING A PROGRAM 

The editing commands of NEXT, PREV, and CLL are provided to aid you in altering 
programs already stored in program memory without necessitating a complete re- 
entering of the altered program. If, however, the existing program is to be drasticallv 
changed, you may want to use the CLP command to clear the program memory and 
then enter the newly written program. These exercises will demonstrate the editing 
commands, as weJI as the conditional statements {IFX=i and IF>^>r) and the 
subroutine commands (GSS and RTN). The location of these keys are shown In 
Figure D. block 19. 



ALTERING THE PULSE-MEASURING PROGRAM 

Figure 6-1 1 shows a modified flowchart of the pulse-measuring program. We have 
added a loop to the flowchart which will stop the program after executing it ten 
times, and we are now going to alter the existing program to do the same. 

Perform the previous exercise for Stepping Through a Program. Then return the 
existing program to the display by pressing ( PROG 1 . 

Manually move the edit p rompt ba ck through the existing lines to line 002 by 
pressing and bolding the ( PR EV ] as necessary. 

PREV Operation: The edit prompt is backed to the previous program line. If the 
PREV command is issued in the Entry mode, the current program line is terminated. 
If the [ PREV ] key is held down, the edit prompt will decrement through the 
program lines until released or until line 000 is reached. 

PREV Restrictions; If the PREV command is directly issued in the Execute mode, or 
if the current program line is 000, PRE ERROR is issued. The error message will 
only be displayed in the STORED or BOTH mode. 

To enter the commands which will initialize The loop counting register (6 CNS): 

Press Comments 

0 I ENTER H 6 fy [ >CNSl This will place a 0 in 

6 CNS when the program 
is first run. Notice that a 
new entry line was 
opened prior to what had 
been line 003, The newly 
issued commands are 
entered here. 



Exercise continues on next page 
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2373-379 



Figure 6-11. Flowchart for the pulse-measuring program using a loop. 
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ALTERING THE PULSE-MEASURING PROGRAM (Cont) 

Now. terminate this entry line and advance the edit prompt to the following line by 
pressing ( NEXT Then: 

Press Comments 

I LNN II 02 II OFF H The label L02 is assigned 

to the start of the 
commands to store and 
measure the pulse. Add 
the command to turn off 
the cursors. 

Remove the duplicated OFF command by pressing [ NEXT ] ( CLL ] . Notice that 
the line containing the duplicated OFF command has been deleted, and that the 
following command groups have all been moved up one line to close the gap. 

CLL Operation: When the CLL command is issued the commands on the current 
program line are removed and all command groups following it are moved up one 
tine. 

CLL Restrictions: If the CLL command is issued when the processor is in the 
Execute mode, or when the edit prompt is at the end-of program line. CLL ERROR 
is issued, The error message is only displayed in the STORED or BOTH modes. 

Advance th e edit pro mpt to what is now program line 016 by pressing and holding 
down the 1 NEXT 1 , To increment the loop counting register and add the 
conditional loop: 

Press Comments 

6 [ CNS \ 1 m 6 n c NEXT 1 This will increment 

6 CNS by 1 . 



6 I CNS I) 10 ly [ 1 [ STOP \ 

I NEXT 1 2 n I LBt ] [ GOTO J 



The contents of 6 CNS 
will be compared with 
the value of 10. If they 
are equal the program 
will stop; otherwise 
program execution is 
transferred to label L02 



Exercise continues on next pBge 
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ALTERING THE PULSE*MEASURING PROGRAM (Cont) 

I Operation: When the I = T command is executed, the processor compares 
the contents of the X register to that of the Y register. If both registers contain 
constants at the time of the Gomparison, the result is TRUE when the constants 
have identical values. If both registers contain waveform memory addresses, the 
processor compares corresponding pairs of points on the referenced waveforms 
(between cursors, if on); the result is TRUE when the difference between all 
compared points is zero. If one register contains a constant and the other contains a 
waveform memory address, each point of the waveform (between cursors, if on) is 
compared to the constant value; the result is TRUE when all compared waveform 
points do not vary from the value of the constant. Scale factor units are ignored if 
they differ. After execution of a stored IFX-^ command, program execution 
continues normally with the next command if the result was TRUE* Otherwise, 
program execution continues at the start of the next program line (it comparison 
results are FALSE)* Test results, TRUE or FALSE, are displayed in line 16 of the 
STORED or BOTH mode. 

A complete listing of the pulse-measuring program with a conditional loop is given 
in Figure 6-12. 



000 


L00 




001 


SCOPE VMDL HMDS 




002 


0 ENTER 6 >CNS 




003 


U02 OFF 




004 


AQR 2 >WFM STORED 




005 


MAX 0 >CNS 




006 


CRS1 




007 


0 CNS >VCRD 




006 


HCRD 1 >CNS 




009 


0 >HCRD 




010 


CRS2-1 




011 


1 CNS >HCRD 




012 


RISE 2 >CNS 




013 


FALL 3 >CNS 




014 


DELAY 4 >CNS 




015 


WIDTH 5 >CNS 




016 


6 CNS 1 + 6 >CNS 




017 


6 CNS 10 IFX=Y STOP 




013 


2 LBL GOTO 




019 


STOP 


2873 360 



Figure 6-12. Listing of the pulse-measuring program with a loop. 



Execute the modified program by pressing 1 EXECUTE ] Ml f START ) , When 
the progra m stops, check the contents of 6 CNS (the loop-counting register) by 
pressing 6 [ CNS ] to verify that the loop was executed 10 times. 
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USING SUBROUTINES 

The commands used in the pulse-measuring program to positron Cursor 1 to point 0 
and Cursor 2 to the MAX point could be useful for other programs; so let's put them 
in a subroutine that can be accessed by other programs. Also, let's add a subroutine 
which will monitor the amplitude of the pulse and stop the program when the 
amplitude is not between 7 and 9 volts (peak-to-peak). Figure 6-1 3 gives a flowchart 
for the main program, Figure 6-14 gives one for the cursor-positioning subroutine, 
and Figure 6-15 gives one for the amplitude-monitoring subroutine. 

To avoid possible confusion we will completely re enter the new version of the 
pulse-measuring program* So clea r the present program from the memory by 
pressing | PROG 1 Hji| I CLP ] [ NEXT ] . 

Again, translate the flowchart of Figure 6-13 into specific command groups and 
enter them into the 7854 by pressing: 

Q [ LNN i 00 [ NEXT 1 

1 SCOPE I VERTICAL MODE [ LEFT 1 HORIZONTAL MODE C|] 1 NEXT 1 
0 I ENTER I 6 D I >CNS ] [ NEXT I 

n I LINN II 02 [ APR I 2 H I >WFM | [ STORED 1 I NEXT I 
3 n [ LBL I I GSB ] I NEXT 1 



GSB Operation: When the GSB is executed the edit prompt is moved to the line 
specified in the X register. If the program was running at the time the GSB was 
encountered, program execution is transferred to the first command of the specified 
line. The subroutine return register is set to point to the next command following 
the GSB. 



NOTE 

The GSB command wiff not terminate nurr^ertc entry. 

GSB Restrictions: The X register must contain a constant which, when rounded to 
the nearest integer, is from 0 to 999 inclusive. Also, not more than 10 levels of 
nesting can be issued. GSB ERROR is issued if either restriction is violated: 
although the error message is only displayed in the STORED or BOTH mode. 



Exercise continues on next page 
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SETUP REAL-TIME DISPLAY: LEFT AND S 
SET LOOP COUNTING REGISTER {6 CiMS) TO 0 



>- 



ASSIGN U^BEL STORE AND DISPLAY PULSE 






POSITION CURSORS USING SUBROUTINE 



I 



MEASURE AND STORE RISE 






MEASURE AND STORE FALL 


1 






MEASURE AND STORE DELAY 






MEASURE AND STORE WIDTH 



I 



INCREMENT LOOP COUNTING REGISTER 




2873-3ST 



Figure 6-13 Flowchart of main body of the pulse-measuring program using subroutines. 
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TURN CURSORS OFF 






MEASURE PULSE MAX; 
STORE IN 0 CNS 






TURN ON CURSOR 1 



SET CURSOR 1 TO MAX POINT 
STORE MAX LOCATION IN 1 CNS 






RETURN CURSOR 1 TO POINT 0 

I 



TURN ON CURSOR 2 
SET CURSOR 2 TO MAX POINT 




2873 382 



Figure 6-14. Flowchart of the cursor -positioning subroutine. 
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X IS X 

/ 1 (VOLTS) N 
GREATER THAN 
VP'P VALUE? y 



STOP 



X IS X 

f P P VALUE X 
GREATER THAN 
X^ (VOLTS)? > 



RETURN 



STOP 



MEASU RE P-P VALUE OF 2 WFM- 
STORE RESULT IN 7 CNS 



2S73-385 



Figure 6-15. Flovwchart of the amplitude-monitor mg subroutine. 
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USING SUBROUTINES (Cont) 

Continue entering the program by pressing; 

I RISE ] 2 Q I ?CNS ;i I NEXT 1 
D I FALL 1 3 Q I >CNS I I NEXT I 
[ DELAY I 4 n I >C1MS \ I NEXT I 

1 WIDTH 1 5 n I >CNS I 1 NEXT 1 

6 1 CNS 1 1 Q 6 O I >CNS 1 \ NEXT I 

6 1 CNS 1 10 n [ IFX=V~1 I STOP I [ NEXT I 

2 n I L8L ] [ GOTO 1 1 NEXT 1 

I STOP 1 O 1 LNM I 01 I NEXT 1 

Now enter the cursor positioning-subroutine by pressing; 

m |~LNN I 03 [ NEXT ] 

I OFF I [ MEXT 1 

I MAX 1 0 m I >CNS I I NEXT 1 
me CRS1 1 [ NEXT I 
0 I CNS I O 1 >VCRD \ I NEXT I 
( HCRO I 1 19 I >CNS 1 I NEXT I 



Exercise continues on next page 



@ 
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USING SUBROUTINES (Cont) 

0 n [ >HCRD I 1 NEXT I 

[ CRS2-1 \ 1 NEXT ] 

1 I CNS I B [ >HCRD I [ NEXT 1 

n I RTN I 



RTN Operation: When the RTN command ts executed, the edit prompt is moved to 
the line holding the calling GSB command, and the next executed program 
command fas indicated by the subroutine return register) is the one following the 
GSB. 

RTN Restrictions: RTN ERROR is issued if the RTN command was executed 
without a calling GSB. 

Refer to Figure 6- 16 for a listin g of the program m emory at this time. Then run the 
program. fPress 1 EXECUTE^ 1 START ] .) 



000 


L00 




001 


SCOPE VMDL HMDB 




002 


0 ENTER 6 >CNS 




003 


L02 AQR 2 :>WFM STORED 




004 


3 LBL GSB 




005 


RISE 2 >CNS 




006 


FALL 3 >CNS 




007 


DELAY 4 ^CNS 




008 


WIDTH 5 >CNS 




009 


6 CNS 1 46 >CNS 




010 


6 CNS 10 IFX=Y STOP 




011 


2 LBL GOTO 




012 


STOP L01 




013 


L03 




014 


OFF 




015 


MAX 0 >CNS 




016 


CRS1 




017 


0 CNS >VCRD 




018 


HCRD 1 >CNS 




019 


0 >HCRD 




020 


CRS2-1 




021 


1 CNS >HCRD 




022 


RTN 


2 & 73-383 



Figure 6-16 Listing of pulse-measuring program and cursor-positioning subroutine. 
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USING SUBROUTINES (Cont) 

Now, let's enter the amplitude-monitoring subroutine to be nested within the 
cursor-positioning routine. 

First press [ PROG 1 to retu rn to the program Edit mode* Now advance the edit 
prompt to line 022 with the [ NEXT ) . Enter the calling commands b y pressin g 4 
m { IBL 1 f GSB 1 . Advance the edit prompt, again by using the ( NEXT 1 , to 
the end-of-program line. 

Now enter the amplitude-monitoring subroutine by pressing: 

O ( LNM 1 04 t NEXT ) 

2 ( WFM 1 1 P-P 1 7 n i >CNS I 1 NEXT 1 
7 ( ENTER 1 7 ( CNS ] ( IFV>y ] ( STOP ) | NEXT 1 
7 1 CNS 1 1 ENTER 1 9 ( IFV>r 1 t~STOP I ( NEXT 1 

O I RTN I 



A complete listing of both subroutines is shown in figure 6-17. 



013 


L03 






014 


OFF 






015 


MAX 0 >CNS 






016 


CRS1 






017 


0 CNS ^VCRO 






018 


HCRO 1 >CNS 






019 


0 >HCRD 






020 


CRS2-1 






021 


1 CNS >HCRD 






022 


4 LBL GSB 






023 


RTN 






024 


L04 






025 


2 WFM P-P 7 >CNS 






026 


7 ENTER 7 CNS IFY>X 


STOP 




027 


7 CNS ENTER 9 IFY>X 


STOP 




028 


RTN 




2073 386 



Figure 6-17. listing of the cursor-positioning and amplitude -monitoring subroutine. 



Exercise continues on next page 
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USING SUBROUTINES (Cont) 

IF>^>Af Operation: When the I FV>X command fs executed, the processor compares 
the contents of the X register to that of the Y register. If both registers contain 
constants at the time of comparison, the result is TRUE when the constant in the Y 
register is more positive than the constant in the X register. If both registers contain 
waveform memory addresses, the processor compares corresponding pairs of points 
on the referenced waveforms (between cursors, if on}; the result is TRUE when 
even one point of the Y register referenced waveform is more positive than the 
value of the corresponding point of the X register referenced waveform. If one 
register contains a constant and the other contains a waveform memory address, 
each point of the waveform (between cursors, if on) is compared to the constant 
value; the result is TRUE when the value in the Y register (either constant or 
referenced waveform point) is more positive than that in the X register. 



After execution of a stored IEF>^ command, program execution continues normally 
with the next command if the result was TRUE. Otherwise, program execution 
continues at the start of the next program line. Test results, TRUE or FALSE, are 
displayed in line 16 of the STORED or BOTH mode. 



PROGRAM INTERRUPTIONS 

In addition to having a program stop execution as a result of a decision, you will 
often want to stop execution in order to input new data or to pause during execution 
to view results. The stored STOP and PAUSE commands, or a directly issued STOP 
command, can be used to interrupt program execution as demonstrated in the 
following exercises. See Figure D, block 19 for the location of these keys on the 
Waveform Calculator. 

USING THE STORED STOP 

When a stored STOP command is executed by a running program, program 
execution stops. 

To demonstrate, run the pulse-measuring program now in the 7S54 program 
memory; 

Comments 

LEXECUTE ] Q I STAR^ri The program is executed 

and then stops when the 
stored STOP is 
encountered on line 010, 
The processor returns to 
the idle state. Notice that 
the truncated mnemonic 
of the command prior to 
the stored STOP, plus 
the status message 
STOP IN, are displayed 
in line 1 6. 



@ 
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USING THE STORED STOP |Cont) 

Stored STOP Operation: When the processor encounters a stored STOP command 
in either the Run or Step state, program execution is stopped. At this time the 
processor returns to the idle state and displays the previously executed command 
mnemonic (ex cept STOP or PAUSE) plus the status message STOP IN . If you press 
[ EXECUTE 1 I RUN ] without having moved the edit prompt, execution will begin 
with the command following the STOP. 

NOTE 

The STOP command (stored or direct) wiU not terminate numeric entry 
into the X register. 



PAUSING TO VIEW PROGRAM RESULTS 

The stored PAUSE command is used to "slow down" a program during execution to 
allow you to view the displayed results. Executing a stored PAUSE command will 
momentarily interrupt the program execution. The length of the interruption can be 
extended by storing two or more successive PAUSE commands. 



Let's now add stored PAUSE commands to interrupt the existing program after the 
RISE, FALL, DELAY, and WIDTH commands. 

Now move the edit prompt to line 005 using the I PREV 1 . 



To add the PAUSE commands: 

Press 

[ RISE ) n ( PAUSE 1 n I PAUSE 1 

2 n [ >cNs 1 ( NEXT ] rein 



Comments 

Insert PAUSE commands 
after RISE by entering 
the new command group 
and deleting the old line. 



n [ FALL 1 Q t PAUSE 1 WM 1 PAUSE 1 
3 O 1 =-CMS 1 1 NEXT 1 fciin 



Insert PAUSE commands 
after FALL 



1 DELAY ] O 1 PAUSE 1 0 [ PAUSE 1 

4 o [ ^cNs 1 1 next' 1 fern 



insert PAUSE commands 
after DELAY. 



[ width") n 1 PAUSE 1 O ( PAUSE 1 
5 B I =CNS 1 ("next" 1 fem 



Insert PAUSE commands 
after WIDTH. 



Exercise continues on next page 
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PAUSING TO VIEW PROGRAM RESULTS [Cont) 

See Figure 6-18 for a listing of the main program at this time. 



080 


L00 




001 


SCOPE VIWDL HMDB 




002 


0 ENTER 6 >CN5 




003 


L02 AQR 2 >WFM STORED 


004 


3 LBL GSB 




005 


RISE PAUSE PAUSE 2 


>CNS 


006 


FALL PAUSE PAUSE 3 


>CNS 


00? 


DELAY PAUSE PAUSE 


4 >CNS 


008 


WIDTH PAUSE PAUSE 


5 >CNS 


009 


6 CMS 1 + 6 >CNS 




010 


6 CNS 10 IFX=Y STOP 




011 


2 LBL GOTO 




012 


STOP L01 





2873-384 



Figure 6-18. Listing of the pulse -measuring program with commands added to view results. 



PAUSE Operation: The PAUSE command interrupts all command execution for 
approximatefy 0*7 second. 



NOTE 

The PAUSE command wdl not terminate numeric entry into the X 
register. 

Return to the Execute mo de by pressing f EXECUTE ) and then run the program 
(press m ( START | Notice how the program execution is interrupted 
following the RISE. FALL. DELAY, and WIDTH measurements for each of the 10 
successively acquired pulses. 

Of course, for the stored PAUSE command to be effective, you must first format the 
display to show the results you are interested in viewing* 



THE DIRECT STOP 

Another method used to interrupt a running program is to directly issue a STOP 
from the keyboard{s)* However, if program execution is to be continued after being 
stopped, you must take care not to alter anything which is required for proper 
continuation of the program. For example, the stack contents, numeric entry status, 
cursor status or position, the subroutine return register, waveform memory and 
constant register contents are all likely to change the outcome of the program if 
they are altered. Therefore, you may want to avoid using direct STOPs. 



@ 
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THE DIRECT STOP (Cont) 

Direct STOP Operation: If the directly issued STOP occurs while the processor is 
executing the AQR, AVG, AVG10. AVG100, AVG1000, or GND commands (stored 
or direct), the executing command is prematurely terminated. Otherwise, the 
processor completes execution of the current command. The processor then returns 
to the idle state and the truncated mnemonic of the command executing when the 
STOP was received, plus the STOP IN status message, is displayed in line 1 6 of the 
STORED or BOTH mode. If program execution is then resumed with the RUN 
command, execution begins with the command following the command during 
which the STOP was received. 



PROGRAM EXAMPLES 

The following programs are provided as additional program examples. Only the 
purpose and constraints of each program are explained since you should have a 
working knowledge of the 7354 commands used in these example programs. Of 
course, each of these programs can be modified to agree with prior assignments of 
waveform memory or constant registers. Line numbers have been left off the 
program listings given here so that you will not be unduly restrained in the use of 
these programs. 



PERCENT OF OVERSHOOT 

This program will calculate the percent of overshoot of the operational waveform. 
After execution, the percent calculated will be displayed in the X register, as well as 
being stored in 1 CNS. Since this program calculates the percentage rate 
independently of the VZR setting, the GND need not be set. 

Constraints: The 0% level of the operational waveform must be at the left edge of 
the graticule, and the 100% level must be at the right edge of the graticule. Any 
number of cycles can be displayed between these two points, provided that all 
pulses are identical. 



L01 

STORED 4 AVG 

CBS 0 >HCRD 

VCRD 2 >CNS 

CRS2^1 HSCL 10 4 ENTER 

P/W / - >HCRD 

MAX 2 CNS - VCRD / 1 - 1 00 * 
1 >CNS 

STOP 1 LBL GOTO 



ZS73-3S7 



Figure 6-19. Program to calculate the percent of overshoot. 
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PROPAGATION DELAY 

The propagation delay between the first MID point of each of two signals will be 
calculated and, after execution, displayed in the X register field. Also, the two 
signals will be displayed on the screen after execution (and stored in 1 WFM and 2 
WFM}. 

Constraints: The vertical annplifier(s) must not be in the chop mode. The two input 
signals must have at least one displayed transition (either positive- or negative- 
going}. 



L0T AQR STORED CLD 
CRS1 0 HCRD OFF 
0 WFM MIN -,5 VXPD 1 >VZR 

0 WFM 2 >WFM 

1 WFM MIN “,5 VXPD 3CHS >VZR 

0 WFM 1 >WFM 

1 DSW 2 DSW 

CRS1 2 WFM MID >VCRD HCRD 1 >CNS 
1 WFM MID >VCRD HCRD T CNS - STOP 



Figure 6-20. Program to calculate propagation delay. 



CONVOLUTION OF WAVEFORMS 

This program will calculate the convolution between an input signal and the 
impulse response. After execution the result of the convolution is displayed on the 
graticule (and stored in 0 WFM). 

Constraints: The input waveform must be in 1 WFM and the imputse response 
must be in 0 WFM prior to execution of this program. Also, to avoid time-domain 
aliasing with nonperiodic signals, both 1 WFM and 0 WFM contents should be zero 
from the left edge of the graticule to the center vertical graticule line. 



0 WFM STORED VSCL 1 >CNS 

1 WFM 2 >WFM 0 WFM 1 >WFM 0 WFM 0 
+ P/W 10 / >HSCL 

1 WFM CLX >HSCL 2 WFM CLX >HSCL 
CLS >CNS 

im 2 WFM 0 CNS PNT 1 WFM CLX O 
iFX-Y 1 LBL GOTO 

CLX ENTER ABS >VSCL CLX SGN VXPD 
1 WFM 0 WFM + 

L01 1 WFM 1 HPRGT 0 CNS 1 0 >CNS 

P/W IFX=Y 0 WFM 1 CNS + STOP 
0 LBL GOTO 



2873-389A 



Figure 6-21, Program to convolve vvaveforms. 
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SINE OF WAVEFORMS 

This program will compute and display the sine of an input waveform. 

This program finds the equivalent of the input waveform from -tt/2 to tt/2 by using 
a mod function, and then uses a 4-turn taylor series. The sine of the waveform is 
then displayed from 0 WFM, 



NOTE 

The costne of a waveform can be computed by adding w/2 to the input 
waveform at the beginning of this program. 

Constraints: The input waveform must not exceed ±(511*2 tt) in magnitude. 



STORED 0 WFM 1 >WFM SGN 2 >WFM 

1 WFM ABS 6.283 / 1 >WFM 

256 ENTER 0 >CNS 

L00 1 WFM 0 CNS IFY>X 2 LBL GOTO 

LflT 0 CNS 2/0 >CNS .75 

JFY>X 0 LBL GOTO 

3 LBL GOTO 

L02 - SGN MIN - SGN 0 CNS CHS * 

0 WFM 1 WFM + 1 >WFM 1 LBL GOTO 
L03 1 WFM 5 “ SGN MIN - SGN 1 WFM 
X<^Y - 2 WFM * 0 WFM 1 >WFM 

.25 ~ SGN MIN - SGN 2 >WFM 1 WFM * 

2CHS *5 + 2 WFM * 1 WFM + 1 >WFM 
.25 + SGN 1CHS VXPD MIN - SGN 2 >WFM 

1 WFM ♦ 2CHS * 5 “ 2 WFM * 

1 WFM + 6 2S3 * 2 >WFM 

5040CHS / 2 WFM * 1 ENTER 120 / + 

2 WFM * 2 WFM * 1 ENTER 6CHS / + 

2 WFM * 2 WFM *1+2 WFM * 

STOP 

2873 390 



Figure 6-22, Program to disptay the sine of a waveform. 



^ Digitally signed by 
-I http://www.aa4df.com 

Signature Not Verified 



@ 



6-137 




Section Seven 



GPIB Information 











TFI 






Hm 




GPIB 

Information 



The 7854 (except Option 00 j is equipped with an interface which confornr>s to IEEE 
Standard 488-1978 Digital Interface for Programnnabie Inst ru mentation, commonly 
referred to as a General Purpose Interface Bus, or GPIB, 

The GPIB allows permanent storage of 7854 programs, remote programming of the 
7854, and data transfers to and from the 7S54. 
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DESCRIPTION 

The GPIB is an interface system using sixteen signal tines: eight data lines, three 
handshake lines, and five bus management lines. Information Is transferred over 
the bus in a bit-paralle!, byte-serial format using an asynchronous "handshake"' 
procedure. This handshake allows communication between instruments with 
different transfer rates if they conform to the handshake state diagrams and other 
protocols defined in the IEEE standard. The data transfer rate is effectively limited 
by the slowest active instrument (talker or listener) on the bus. This ensures the 
accurate transfer of data to and from all active instruments. 



The GPIB system can be connected in either a star or linear configuration, or a 
combination of both (see Fig. 7-1). To maintain the electrical characteristics of the 
bus, a device load must be connected for each two metres of cable, and at least half 
of the devices connected to the bus must be powered up. 

A minimum GPIB system for the 7854 Oscilloscope would consist of the 7854 and a 
GPIB controller (e.g., a Tektronix 4050-series graphic system). The controller directs 
all command and data transfers on the GPIB. 



( 1 ) 




(3) 




2S73-30t 



Figure 7-1 . GPIB system configurations. 
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A larger GPtB system may consist of up to 15 instruments distributed over a total 
cable length of up to 20 metres- These instruments may include, in addition to the 
7854 and controlier, other talkers (e-g*- counter, digital multimeter, etc.) and other 
listeners (e.g,, line printer, tape drive, programmable signal generator, etc*). 



A more detailed description of the actual operation of the GPIB interface may be 
found under GPIB Theory at the end of this section* 



GPIB FUNCTIONS 

The IEEE Standard 488' 1978 defines the GPIB interface functions and the 
allowed subsets of those functions. The subsets that apply to the 7854 are listed in 
Table 7-1* 



TABLE 7-1 

7854 GPIB Interface Functions 



Function 


Subset 


Capability 


Source Handshake 


SHI 


Complete. 


Acceptor Handshake 


AH1 


Complete, 


Talker 


T5 


Complete. 

{no secondary address) 


Listener 


L3 


Complete, 

{no secondary address) 


Service Request 


SRI 


Complete* 


Remote/Local 


RLl 


Complete. 


Parallel Poll 


PP0 


None. 


Device Clear 


DC1 


Complete. 


Device Trigger 


DTI 


Complete. 


Controller 


C0 


None, 
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ADDRESS SELECTION ^ 

The primary GPIB address of the 7854 is set by using the Address selection 
switches located on the rear panel of the 7854 {see Fig. 7-2^. Actually, these 
switches set only the lower five bits of the address. The upper three bits are 
determined by the function {e.g., 001 for Listen Address, 010 for Talk Address). To 
set the primary GPIB address of the 7854, use a pen or other pointed object to set 
the binary equivalent of the desired primary address. Any primary address between 
and including 0 decimal {00000 binary) and 30 decimal {11110 binary) may be used. 
Do not set 31 decimal (11111 binary) as the primary address; 31 is reserved for use 
by the controller to ^'untalk'' or "unlisten" a device. (Tektronix 4050-series graphic 
systems also reserve 0 decimal for another function.) 



To set the 7854 for a primary GPIB address of 1 0 (decimal), set the address switches as 
shown below. 

1 



0 

16 8 4 2 1 — ADDRESS 

0 + 8 + 0 + 2 + 0 = 10 

+ INDICATES THIS END PRESSED 




This setting results in My Listen Address (MLA) of 42 decimal (primary address -•■32), 
and My Talk Address (MTA) of 74 decimal (primary address +64). 




To set the 7354 for GPIB operation (ON LINE) using a Line Feed (LF) character along 
vyith the EG t tine asserted as a message terminator and TALK/LiSTEN mode, set the left 
three switch sections as shown below. 



EOl' 



TFRM- 



-0 0 - 

0 1 - 



“ I™ — U I 

_I^OREOlJ 1 0 

I 1 1 



^TALK/USTEN 



■TALK ONLY 
- LISTEN ONLY 



— MODE 



ON LINE 



OFF LINE 

I 



oqqddddd: 



2873-300 



Figure 7-2. Address and mode selection. 



GPIB Information — 7S54 



The remaining three switches select the operating mode of the 7854. The switch 
section to the left (ON LINE/OFF LINE) connects or disconnects the 7854 from the 
bus. (One device load is presented to the bus even when the 7854 is OFF LINE*) The 
other two switch sections set the message terminator or allow the 7854 to be used 
in a Talk Only or Listen Only mode. The message terminator is selected for 
compatibility with the GPI8 controller being used. Refer to the controller manual for 
message termination requirements* (Set to EOl when using a Tektronix 4050-series 
graphic system as the GPIB controller.) 



POWER-UP AND RESET STATES 

POWER-UP STATE 

When the 7854 is turned on, a self-test procedure is started to check the 7854 
circuitry (see Power-Up Conditions in section 1). On completion of the self test, the 
7854 asserts SRQ (Service Request) on the GPIB and sets the status byte to indicate 
the results of the self-test. (See Service Request in this section.) This SRQ can be 
cleared by a serial poll, or by executing any valid 7854 command* 

RESET STATES 

The following resets return the 7854 to the listed conditions* 



Device Clear 

The 7854 responds to either a DCL (Device Clear) or SDC (Selected Device Clear) 
message by executing a STOP command, aborting any input/output or waveform 
acquisition command in progress, and clearing all SRQ's. If an external input 
command (READX or >TEXT) is in progress, the partially filled data area is cleared (0 
WFM points = 0, X-register = 0, or any text input is deleted) and a warning is 
displayed. If an external output command (SAVE, SENDX, or TEXT) is in progress, it 
is terminated and a warning is dispiayed* (The READX, ^TEXT, SAVE, SENOX, and 
TEXT commands are described under Commands in this section.) 

Interface Clear 

The IFC (interface Clear) message interrupts any data input or output. If the 7854 is 
talking, it will continue from that point when it is again addressed as a talker, tf the 
7854 is listening* it wilt continue inputting data when ft is again addressed as a 
listener. 

Stop Key 

If the 7854 is in taik-listen mode, pressing the 7854-keyboard STOP key will abort 
an I/O command (SAVE, TEXT, >TEXT, SENDX, READX) if the 7854 is not yet 
addressed as a talker or listener. If data transmission has already started, the STOP 
command fs buffered until the I/O (input/Output) command is finished* 

If the 7854 is in talk-only mode or listen-oniy mode, the STOP command will abort 
an I/O command even if data transmission has started. 
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MESSAGES 

All of the many possible messages that may be sent over the GPIB can be split into 
two major classifications; interface messages or device-dependent messages* 
Interface messages are sent by the GPIB controller to the other instruments on the 
bus to control the functions of each instrument's GPIB interface. Device-dependent 
messages {e,g., instrument commands, data, etc*) may be sent by any instrument on 
the bus, to any other instrument's) on the bus. (See Fig. 7-3.) 




Figure 7 - 3 . Device- depen dent messages vs. interface messages. 



GPIB INTERFACE MESSAGES 

Interface messages are used by the controller to manage the bus (e.g., designate 
talkers and listeners, etc.). All instruments on the bus listen to every interface 
message. 

The interface messages that constitute the controller's vocublary are defined by the 
standard. They can be thought of as ASCII codes given a new meaning when sent 
by the controller with the Attention (ATN) line asserted. 

Two of the interface messages are the talk and listen addresses. When a device 
sees its talk address (called My Talk Address or MTA) and ATN simultaneously, it 
must become a talker* When the controller removes ATN^ the device begins the 
source handshake to transmit its data. Similarly, My Listen Address (MLA) and ATN 
tells a device to listen to the data sent by a talker. 
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The controller uses other kinds of interface messages for other tasks. One is the 
Serial PoM Enable command (SPE) used with the service request function. Suppose 
an instrument is designed to assert SRQ when it has acquired some data. The 
controller must poll the devices to find the interrupting device since any one {or 
more than one) can assert SRQ. To conduct the serial poll, the controller sends SPE, 
a universal command, then addresses each device in turn as a talker and reads a 
status byte from each. Any device asserting SRQ also asserts DI07 of the status 
byte to tell the controller that it is actively requesting service. The remainder of the 
status byte tells the controller why it is requesting service. (See Service Request 
later in this section.) 

The device trigger function uses an addressed command; Group Execute Trigger 
(GET). In the 7854, GET is equivalent to the RUN command. 

The controller issues the Device Clear message (OCL) to initialize internal functions 
of devices on the bus. A universal command, DCL applies to all devices. Its effect on 
each instrument however, is decided by the designer, who can choose to initialize 
any device function to any state that suits the purpose of the instrument. Its effect 
in the 7854 is described under Power-up And Reset States earlier in this section. 



DEVICE-DEPENDENT MESSAGES 

Device-dependent messages (e.g., 7854 commands, data, etc.) are transferred from 
any one instrument (talker) to one or more other Instruments (listeners) on the bus. 
Device-dependent messages may effect the functions of the instruments (e.g., 
commands), but they do not directly effect the actual GPIS interface. 



COMMANDS 

Refer to Section 9, Command Language, for a complete iisting of the 7854 
commands with descriptions. All commands listed in section 9 can be sent through 
the GPIB to the 7854, which will react exactly as If the equivalent key{s) had been 
pressed on the Waveform Calculator or Measurement keyboards. Commands can be 
given to the 7854 from the Waveform Calculator keyboard, the Measurement 
keyboard, the GPIB, or any combi naton of the above. (Pressing any key on either 
7854 keyboard generates a local rtl message.) Commands are executed in the order 
in which they are received by the 7854, regardless of the source of the command. 

The 7854 keyboards can be disabled by setting the 7854 to remote-only mode. 
Remote-only mode prevents the accidental insertion of a command from the 7854 
keyboard into a command string from the GPIB. {See Fig. 7-4 and 7-5 for sample 
programs.) 

To send a command to the 7854 through the GPIB, send (to The 7854's address) the 
command mnemonic (or numeric command) as it appears on either of the 7854 
keyboards {separating each mnemonic with a space). 



@ 



7-6 



GPIB Information— 7854 



100 REM SUBROUTINE TO SET 7854 TO REMOTE-ONLY STATE 
110 REM * 7854 IS GPIB DEVICE #10 
120 REM * 

130 WBYTE @ 17.42,63: 

140 RETURN 

LINE 130 COMMENTS; 

17 = Send GPIB Local LOckout command (LLQ) 

42 - Send 7854 's listen address (device #+32 1 
63 = Send GPIB UNListeo command (UNL) 

2873 304 



Figure 7-4, Subroutine to set 7854 for remote-only operation (disable keyboards). 



100 REM * SUBROUTINE TO SET 7854 TO NORMAL (RE MOTE/ LOCAL) STATE 
110 REM + 7864 is DEVICE #10 
120 REM * 

130 WBYTE (a 42.1,63: 

140 RETURN 

LINE 130 COMMENTS; 

42 - Send 7B54's listen address {device #+32) 

1 = Send GPIB Go To Local command (GTL) 

63 = Send GPIB UN Listen command (UNL) 

2873 305 



Figure 7-5, Subroutine to set 7854 for normal (remote/local) operation. 



Multiple commands may be grouped as one message and sent in the same manner 
as a single command by separating each command {mnemonic or numeric) with a 
space, 

Example: 1 0 2 4 ^P/W AVG10 MAX SENDX 

NOTE 

A/o more thar^ ten {10} commands should be grouped following an I/O 
(Input/Output} command in the same message. The 7854 will buffer 
up to ten commands fallowing an 1/0 command, and will execute them 
on completion of the 1/0 command. More than ten commands will 
cause the f/0 command to be aborted and all commands following the 
I/O command to be ignored. 

In addition to the standard commands, the 7854 has some commands for use with 
the GPIB only. These commands are listed below, {See Section 9, Command 
Language for detailed descriptions.) 
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Input/Output Commands 

SAVE Outputs the contents of the program memory (from the edit 
prompt through end-of-program} to the GPtB, 

SENDX Outputs the contents of the X register (constant or waveform 
data) to the GPIB. 

READX Inputs a number (or waveform) from the GPIB and places it in 

the X register. (Waveform data is stored as 0 WFM*) 

>TEXT Inputs up to 12 lines of text (40 char. max. each) from the GPIB 

for display on the 7854 crt (in STORED, SCOPE, or BOTH 
modes). 

TEXT Outputs a copy of all 16 lines of currently displayed text to the 

GPIB (includes crt readout and blank lines). 



Service Request Control 

RQS Asserts Service Request (SRO). 

RQSON / RQSOFF Enables/disables all service request functions except 
power on. 

REMON / REMOFF Enables/disables effect of RQS command, 

OPCON / OPCOFF Enables/disables operation-complete service request. 
CERON / CEROFF Enables/disables command-error service request. 

EXRON / EXROFF Enables/disables execution -error service request. 



lOCON / lOCOFF Enables/disables service request due to an Input/Output 
command being initiated. 



^OTE 



AH service-request ON / OFF functions are set to ON condition at 
power-up. 
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Queries 

ERR? Outputs error status; 

ERR 00 if no error exists or 
ERR 01 if an error does exist. 

ID? Outputs a copy of the 7854 identification display to the GPIB^ 

{ID TEK/7854,V79,LXX.YY,ZK where XX is the ROM version, 
YY is the ROM revision, ar;d Z is 2. 4, or 8, indicating the 
number of kilobytes of RAM installed.) 

SRQ? Outputs a copy of the bottom line of the caiculator display, 
(SRQ XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX where 
XXXX... is the bottom fine of the display.) 



NOTE 

Do not send a query {ERR?, !D?, or SRQ?) to the 7854 faff owing an t/0 
command fSAVE^ SENDX, TEXL >TEXt or READXf uniif the I/O 
command is comp feted. A query wiff int erupt the I/O command and 
cause unpredictabfe f/O. (Use a seriaf pot! to determine f/ 0-command 
status, if necessary. Slaws byte > 127 indicates f/Q in progress) 



DATA TRANSFERS 

Data that can be sent through the GPIB include programs, numeric values, 
waveforms, and text strings. The format of ail data sent {output) by the 7854 Is such 
that the same data can then be sent back (input) to the 7854 without any 
intermediate processing or loss of information* (The only exception to this is when 
the 7854 is set for EOl OR LF as the message terminator in the Talk-Listen mode 
and waveform data is being sent. In this case a carriage return and line feed 
separate the waveform preamble and curve data. The tine feed must be deleted 
before sending the data back to the 7854.) 



Programs 

Refer to Programming in section 6 for detailed instructions for entering a program 
into the 7854 program memory. The GPIB allows permanent storage and rapid 
loading of 7854 programs. 



NOTE 

Initial program entry, editing, and testing should be done in the 7854. 
not in the contr offer. This efiminates the possibifity of mnemonic 
spe fling errors and other difficuit-to-find problems in your program. 
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To send a program from the 7854 through the GPIB for permanent storage on tape 
or disk, simply move the edit prompt to the beginning of the program and issue the 
SAVE command. The program will be sent as one record, with the NEXT command 
and a carriage return appended to the end of each program line. The line numbers 
are removed from the program when it is sent and line labels will appear as 
LNN a b where a and b are single digit integers representing the label number. 



These format changes allow the program to be easily entered into the 7854 program 
memory, and the carriage returns allow the controller to transfer the program (line- 
by-line) to tape or disk. (See Fig. 7-6 for sample program.) 



100 


REM ^ TRANSFER 7854 PROGRAM TO 4050 TAPE FILE 




110 


REM * 7854 IS GPIB DEVICE #10 




120 


REM * 




130 


REM * STORE PROGRAM ON FILE NUMBER- F 




140 


REM ^ 




150 


ON SRQ THEN 260 




160 


S=0 




170 


PRINT @10:"EXECUTE 0 GOTO PROGRAM SAVE" 




180 


IF S<>208 THEN 180 




190 


FIND F 




200 


ON EDI THEN 240 




210 


INPUT @10; LS 




220 


PRINT @33:LS 




230 


GO TO 200 




240 


PRINT @33;LS 




250 


END 




260 


POLL D.S,10 




270 


RETURN 

LINE BY LINE COMMENTS: 

150 Enable SRQ interrupt handler at 260 
160 Clear status flag 

170 Command 7854 to send entire program 
180 Wait for 'SAVE' service request status byte 
190 Position 4050 tape to file F 
200 Enable EOl inierrupt handler at 240 
210 Input next line of program from 7854 
220 Save line of program on tape 
230 Continue until EOl 

240 On EOl save last line of program on tape 
250 Stop 

260 Serial poll 7854; S - status byte 
270 Return from SRQ interrupt handler 


2 a 73 ‘306 



Figure 7-6. Transfer 7854 program to controMer tape file (SAVE sample program). 
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To copy a program back to the 7854 program memory, first execute the PROG 
command to enter the Program Entry mode. Then send the stored program to the 
7S54's address. When the program has been copied by the 7354, it may be 
modified and/or executed in the normal manner using the 7854 keyboard. (See Fig, 
7-7 for sample program.) 



100 


REM’KTRANSFER program from 4050 tape file to 7854 




110 


REM =^7854 IS GPIB DEVICE ^1 0 




120 


REM + 




130 


REM +LOAD PROGRAM FROM FILE NUMBER: F 




140 


REM + 




150 


ON SRQ THEN 250 




160 


S=0 




170 


PRINT @10:"PROGRAM CLP NEXT" 




180 


IF S066THEN 180 




190 


FIND F 




200 


ON EOF (0) THEN 240 




210 


INPUT @33:LS 




220 


PRINT @10:LS 




230 


GO TO 210 




240 


END 




250 


POLL D,S;10 




260 


RETURN 

LINE BY LINE COMMENTS: 

1 50 Enable SRQ interrupt handler at 250 
1 60 Clear status byte 

170 Command 7854 accept a new program 
180 Wait for operation complete status byte 
190 Position 4050 tape to file F 
200 Enable end -of -file interrupt handler at 240 
21 0 Input next line of program from tape file 
220 Send line of program to 7864 
230 Continue until end-of-file 
240 Stop 

250 Serial poll 7854; S - status byte 
260 Return from SRQ interrupt handler 


aS73-307 



Figure 7-7. Transfer 7854 program from controller tape file to 7864. 



IMumeric Values 

Numeric values (constants) can be transferred from the 7854 over the GPIB by 
placing the value in the X register and then executing the SENDX command. (See 
Fig. 7-8 for sample program.) 

Numeric values can be transferred back to the 7854 and placed in the X register by 
executing the REAOX command and then sending the number to the 7854 over the 
GPIB. (See Fig. 7-9 for sample program,) 
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100 


REWnURANSFEH CONSTANT (MAX) FROM 7854 TO 4050 VARIABLE 


110 


REM -»f7e54 IS GPIB DEVICE m 0 




120 


REM » 




130 


REM# INPUT CONSTANT INTO VARIABLE: M 




140 


REM# 




150 


ON SRQ THEN 210 




160 


S^0 




170 


PRINT @1 0; "MAX SENOX^^ 




130 


IF SO210THEN 130 




190 


INPUT @10:M 




200 


END 




210 


POLL D,S;10 




220 


RETURN 

LINE BY LINE COMMENTS; 

150 Enable SRQ interrupt handler at line 210 
160 Clear status flag 

170 Command 7854 to send the 'MAX' value 
130 Wait for ^SENOX' service request status byte 
190 input constant (MAX) from 7354 into variable M 
200 Stop 

210 Serial poll 7854; S = status byte 
220 Return from SRQ interrupt handler 


2873 30S 



Figure 7-8. SENDX sample program. 



100 


REM*TRANSFER 4050 VARIABLE TO 7854'S X REGISTER 




110 


REM*7B54 IS GPIB DEVICE #10 




120 


REM # 




130 


REM ^OUTPUT CONSTANT FROM VARIABLE: M 




140 


REM # 




150 


ON SRQTHEN 210 




160 


S=0 




170 


PRINT @10:"HEADX" 




180 


IF S<>211 THEN 180 




190 


PRINT @10:M 




200 


END 




210 


POLL D,S;10 




220 


RETURN 

LINE BY LINE COMMENTS; 

150 Enable SRQ interrupt handler at 210 

160 Clear status flag 

1 70 Command 7854 to accept data 

180 Wait for 'READX' service request status byte 

1 90 Output variable M to 7854 

200 Stop 

210 Serial poll 7854; S = status byte 
220 Return from SRQ interrupt handler 


2873 309 



Figure 7-8. READX sample program. 
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Waveforms 

Waveform data is sent as one message; the waveform preamble, a separator, and 
the curve data. The \A/aveform preamble contains information such as 
points/ waveform, volts/division, time/division, offset voltage, etc. The separator is 
either a carriage return (Message Terminator set to EOl) or a carriage return and 
line feed {Message Terminator set to LF OR EOl). The curve data contains the actual 
vertical ordinate value (in divisions^ of each point of the waveform relative to the crt 
graticule. 



Waveform Preamble; A typical waveform preamble, as sent by the 7854, is shown 
below 



WFMPRE ENCDG;ASC,NR.PT:5l2,PT.FMT:Y,XZERO:0,XINCR:9;76eE 06, 
XUWIT:S,YZERO:2,704,YMULT:1,YUNIT:V; 



The abbreviations in the waveform preamble are as follows: 



WFMPRE’ 

ENCDGiASC’ 

NR.PT:(P/W) 

PT.FMTiY' 

XZEROiB’ 

XINCR:[1 0 * HSCL/(P/W)] 

XUNITtS 

YZERO:HVSCLltVZR)] 

YMULT:(VSCL) 

YUNITiV 



waveform preamble {header) 

curve data encoded ASCII decimal 

number of points/waveform 

point format (curve data in vert, div.) 

no horizontal offset 

horizontal increment between points 

horizontal scale factor units (S-seconds) 

vertical zero offset 

vertical scale factor 

vertical scale factor units (V^volts) 



'Fixed value, cannot be changed. 



Curve Data; A typical curve data (partial) is shown below: 



CURVE 1.3779, 1.3777, 1.3778, 1,3777,,.,, 1,3777, ”2.6953, -2,6955, -2.0954, 
-2.6955 



The curve data consists of the header (CURVE) followed by one ASCII coded decimal 
number for each point of the waveform. Each number is separated by commas and 
represents the vertical distance of that point from the center horizontal graticule 
line, measured in graticule divisions (negative if below center). 
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To send (output) a stored waveform (or more properly, send data representing a 
waveforin) from the 7854 through the GPIB. the waveform must be placed in the 
X register. The waveform data can then be sent by giving the SENDX command. 
(See Fig. 7-10 and 7-11 for sample programs*) 

To copy a waveform back into the 7854, execute the REAOX command and send the 
waveform preamble and curve data to the 7854's address. The waveform preamble 
and curve data must be sent as a single message with no line feed between the two 
strings. The waveform will become the operational waveform (0 WFM) in the 7854 
and can then be copied to another waveform memory address if desired. (See Fig. 
7-12 and 7*13 for sample programs.) 



100 REM ^TRANSFER WAVEFORM #0 FROM 7854 TO 4050 ASCII STRINGS 
120 REM 7854 IS GPIB DEVICE #10 
130 REM * 

140 REM * IN PUT WAVEFORM PREAMBLE INTO ASCII STRING: PS 
150 REM ^^iNPUT WAVEFORM CURVE INTO ASCII STRING: WS 
160 REM ^ 

170 DIM PS(200),W$(8200) 

180 ON SRQ THEN 250 
190 S-0 

200 PRINT @10:"0 WFM SENDX" 

210 IF S<>210THEN 210 
220 INPUT @10:PS 
230 INPUT @10:WS 
240 END 
250 POLLD.S;10 
260 RETURN 



LINE BY LINE COMMENTS: 

170 Dimension ASCII stririgs PS & WS 
1 60 Enable SRQ interrupt handler at line 250 
1 90 Clear status flag 

200 Command 7854 to send waveform #0 
210 Wait for 'SENDX' service request status byte 
220 Input waveform preamble from 7854 to P$ 
230 Input waveform curve from 7854 into W^ 
240 Stop 

250 Serial poll 7854: S - status byte 
260 Return from SRQ interrupt handler 



2S73'3iO 



Figure 7-10. Waveform transfer from 7854 to controller (ASCII strings). 
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100 


REM^TBANSFER WAVEFORM #0 FROM 7854 TO 40S0 VARIABLES Si ARRAY 


110 


REM *7854 IS GPI8 DEVICE W10 


120 


REM * 




130 


REM * INPUT WAVEFORM PREAMBLE INTO VARIABLES N,Z1,X,Z2,Y 


140 


REM * 


N POINTS /WAVEFORM 


150 


REM 


Z1 - HORIZONTAL ZERO 


160 


REM * 


X - HORIZONTAL INCREMENT BETWEEN POINTS 


170 


REM * 


Z2 T VERTICAL ZERO 


180 


REM * 


Y = VERTICAL SCALE FACTOR 


190 


REM * INPUT WAVEFORM CURVE INTO ARRAY: W 


200 


REM * 




210 


ON SRQ THEN 300 


220 


S 0 




230 


PRINT (®10:' 0 WFM SENDX'* 


240 


IF S 210 THEN 240 


250 


INPUT @10:N.Z1,X,Z2,Y 


260 


DELETE W 


270 


DIM W(N) 




280 


INPUT @10;W 


290 


END 




300 


POLL D,S:10 


310 


RETURN 






LINE BY LINE COMMENTS: 




210 


Enable SRQ interrupt handler at line 300 




220 


Clear status flag 




230 


Command 7854 to send waveform fl0 




240 


Wait for 'SENDX' service request status byte 




250 


Input waveform preamble arguments into N,Z1 ,X,Z2,Y 




260 


Delete Array W 




270 


Dimension array W to size N (N " Points/Waveform) 




280 


Input waveform curve Into array W 




290 


Stop 




300 


Serial poll 7854j S status byte 




^10 


Rntiirn from SRO intr-mipi handler 2873 311 A 



Figure 7-11. Waveform transfer from 7864 to controller (numeric array). 



100 


REM * TRANSFER 4050 ASCII STRINGS TO 7854'S WAVEFORM #0 


110 


REM ^ 7854 IS GPIB DEVICE W10 


120 


REM ^ OUTPUT WAVEFORM PREAMBLE FROM ASCII STRING: P$ 


140 


REM * OUTPUT WAVEFORM CURVE FROM ASCII STRING: W® 


150 


REM * 




160 


ON SRQ THEN 220 


170 


S 0 




180 


PRINT @10: 'READX" 


190 


IF S<>211 


THEN 190 


200 


PRINT @10:P$jW$ 


210 


END 




220 


POLL D,S:10 


230 


RETURN 






LINE BY LINE COMMENTS: 




160 


Enable SRO interrupt handler at 220 




170 


Clear status flag 




180 


Command 7854 Vo accept data 




190 


Wait for 'READX' service request status byte 




200 


Output waveform from P® & W® to 7854 




210 


Stop 




220 


Serial poll 7854; S - status byte 




230 


Return from SRQ interrupt handler 2S73 3i2 



Figure 7-12. Waveform transfer from controller (ASCII strings) to 7854- 
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100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 

240 

260 

260 

270 

280 

290 

300 

310 

320 

330 

340 

350 

360 

370 

380 

390 

400 

410 

420 

430 

440 

450 

480 

470 



REM^TRANSFER 4051 VARIABLES AND ARRAY TO 7B54's WAVEFORM #0 
REM* 

REM*OUTPUT WAVEFORM PREAMBLE FROM VARIABLES; ra.Z1,X,Z2.Y 
REM * N = POINTS/WAVEFORM 

REM * Z1 - HORIZONTAL ZERO 

REM X = HORIZONTAL INCREMENT BETWEEN POINTS 

REM * Z2 = VERTICAL ZERO 

REM * Y = VERTICAL SCALE FACTOR 

REM ^OUTPUT WAVEFORM CURVE FROM ARRAY; W 

REM * 

DIM P$|200} 

ON SRQTHEN 480 

REM*8UILD WAVEFORM PREAMBLE 

PS-'WFMPRE ENCDG:ASC.NR.PT;" 

T$-STR(N} 

P$-PS&TS 

P$=P$8i" PTJMT;Y,X2ERO;'^ 

TS=STR(Z1) 

P$=P$8iTS 

PS=P$&",XiNCR;" 

TS=STR{XJ 

P$-P$&T$ 

P^=PS8t",XUNlT:S.YZERO;" 

TS=STR(Z2| 

P$=PS8tTS 

PS=P$&^YMULT;" 

T$=STR(Y) 

PS-P8&T$ 

P«=P$&" YUNIT:V;CURVE 
S-0 

PRINT @10:"READX" 

IF S<?211 THEN 410 

REM * THE COMMA{J BETWEEN P$ AND W IN LINE 440 IS REOUIRED, 
HEM * A SEMICOLON {:) WILL NOT WORK 
PRINT @10:P$,W 
END 

POLL D.S;10 
RETURN 



LINE BY LINE COMMENTS: 

200 Dimension ASCII string P$ 

21 0 Enable SRQ interrupt handler at line 460 
230 through 380: 

Build waveform prean^ble in P$ 

390 Clear status flag 

400 Command 7854 to accept data 

410 Wait for 'READX' service request status byte 

440 Send waveform to 7854 

450 Stop 

460 Serial poll 7854; S ~ status byte 
470 Return from SRQ interrupt handler 



2983 313 



Figure 7-13. Waveform transfer from controller (numeric array) to 7854- 
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Text 

Up to 1 2 lines of text {40 characters max. each} may be sent to the 7854 to be 
displayed on the crt along with the waveform(s). This text can include operator 
prompts, additional information for documenting photographs, or any comments the 
programmer may wish to display on the 7854 crt. 

To send text to the 7354, give the >TEXT command, followed by a single siring of 
text which has carriage return codes (ASCII decimal 13) inserted at the line breaks. 
The text display remains until another >TEXT command is given, a crt display 
command (STORED, SCOPE, BOTH, or ID} is given, or the 7854 is put into Program 
mode, (See Fig. 7-14 for sample program.) 

The text to be displayed may include characters not found on the ASCII code chart 
(located at the end of this section}. Table 7-2 lists the additional special characters 
which may be displayed on the 7854 crt and the codes used to represent them. 



TABLE 7-2 

Special Character Codes 



Special Character 


ASCII Code 


(decimal) 


Keystrokes 


^ (cap. beta) 


SOH 


1 


ESC CTRL-A 


y (gama) 


STX 


2 


ESC CTRL-B 


V (eta) 


EOT 


4 


ESC CTRL'D 


□ (box} 


ENQ 


5 


ESC CTRL-E 


D (rectangle} 


ACK 


6 


ESC CTRLT 


6 (delta} 


BEL 


7 


ESC CTRL-G 


° (degree} 


BS 


8 


ESC CTRL-H 


a (alpha} 


HT 


9 


ESC CTRL-1 


A (cap. delta} 


S0 


14 


ESC CTRL-N 


TT (pi) 


SI 


15 


ESC CTRL-0 


p (rho) 


DLE 


16 


ESC CTRL-P 


a (sigma) 


DC1 


17 


ESC CTRL-Q 


T (tau) 


DC2 


18 


ESC CTRL-R 



@ 



7-17 



Digitally signed by 
http://www.aa4df.com 



GPIB Information— 7854 



100 REM * TRANSFER TEXT FROM 4050 TO 7854 CRT 
110 REM *7854 IS GPlB DEVICE #10 
120 REM * 

130 REM * BUILD TEXT IN STRING: TS 
140 REM =# 

150 ON SRQ THEN 340 
160 DjMT$(12‘41) 

170 PRINT "LINPUT TEXT AS IT IS TO BE DISPLAYED ON 7854" 
180 PRINT "J<SPACExRETURN> FOR A BLANK LINE" 

190 PRINT '' RETURN> ONLY TO END INPUTJ" 

200 T$-"" 

210 C$-CHR(13} 

220 FOR 1-1 TO 12 

230 PRINT 

240 INPUT LS 

250 IF LENDLS) < 1 THEN 290 

260 TS-TS&LS 

270 T$ TS&C$ 

280 NEXT I 
290 S 0 

300 PRINT @10:"EXECUTE >TEXT" 

310 IF S >213 THEN 310 
320 PRINT @10:TS 
330 END 
340 POLL O.S;10 
350 RETURN 

LINE BY LINE COMMENTS: 

150 Enable SRQ interrupt handler at line 340 

160 Dirnension ASCII string TS (12 lines of 41 characters) 

1 70 through 1 90: 

Prompt 4050 user to input text 
200 Null T$ 

210 Define C$ as -CARRIAGE RETURN> 

220 Loop to accept maximutn of 12 lines 
230 Issue tine input prompt 
240 Input next line of text 

250 If onJv -CARRIAGE RETURN^ then done inputting 
250 Concatenate text onto T^ 

270 Concatenate a -CARRIAGE RETURN> after each line 
280 Continue accepting text 
290 Clear status flag 

300 Command 7854 to accept text for display 
310 Wait for '>TEXT' status byte 
320 Send text to 7854 
330 Stop 

340 Serial poll 7854; S - status byte 
350 Return from SRQ interrupt handler 



2873-^31 4A 



Figure 7-14. >TEXT sample program. 



REV MAY 1982 



7-19 



GPIB IntormatiQn— 7854 



100 


REM ♦ TRANSFER TEXT FROM 7854 DISPLAY TO 4050 


110 


REM « 




120 


ON SRQ 


THEN 280 


130 


PAGE 




140 


PRINT @10:"SBa?'' 


150 


INPUT @10:SS 


160 


S=POS(S$,"SRQ M) 


170 


S$=SEG(S$,S+4,LEN(S9}-S-3) 


180 


S^0 




190 


PRINT @10:‘TEXT" 


200 


IF S<>2!2 THEN 200 


210 


FOR N1 


TO 15 


220 


INPUT @10: LS 


230 


PRINT LS 


240 


NEXT 1 




250 


PRINT S$ 


260 


INPUT @10:LS 


270 


END 




280 


POLL D,S:10 


290 


RETURN 






LINE 


BY LINE COMMENTS: 




120 


Enable SRQ interrupt handler at line 280 




130 


Page 4050 cri screen 




140 


Use 'SRQ?' querie to get line #16 o1 7854's readout 




150 


Input line #16 




160 


Find position o1 substring 'SRQ' in response 




170 


Remove querie header 




130 


Clear status flag 




190 


Command 7854 to send readout 




200 


Wait for 'TEXT' service request status byte 




210 


Loop to input first 1 5 lines of text 




220 


Input line of text 




230 


Display line of text on 4050 




240 


Continue inputting first 15 lines 




250 


Use 16th line from 'SRQ?' querie 




260 


Clear last line of text from 7854 




270 


Stop 




280 


Serial poll 7354: S = status byte 




290 


Return from SRQ interrupt handler 






2673-315 



Figure 7-15. TEXT sample program. 



Status 8ytes 

The status bytes which are sent by the 7854 and their meanings are listed in Table 
7-3. 
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TABLE 7-3 
7854 Status Bytes 



Condition 


Status Byte 
8765 4321 


Decimal 

Equivalent 


Normal 


000X 0000® 


(0,16) 


Eset, command group complete^ 


0X00 001'0‘’ 


(2,66) 


End of program' 


0X00 0010'’ 


(2,66) 


Es^ecution error^ 


0X10 0010“ 


(34,98) 


External command error^ 


0X10 0001“ 


(33.97) 


Power On 


010X 000r 


(65,81) 


Power on check failure 


011X 0011” 


(99J15) 


RQS command executed'' 


0101 0000 


(80} 


SAVE command initiated^ 


1X01 0000'” 


(144.208) 


SENOX command initiated^ 


1X01 0010“ 


(146.210) 


REAOX command rntliated® 


1X01 0011“ 


(147.21 1} 


TEXT command initiated^ 


1X01 0100“ 


(148.212) 


>TEXT command initiated^ 


1X01 0101“ 


(149,213) 



^OPCOFF command will disable this service request. 
^EXROFF connmand will disable this service request. 
^CEROFF command will disable this service request. 
^REMOFF command will disable this service request. 
^IQCOFF command will disable this service request. 

^bit 5 true indicates busy condition. 

^bit 7 true indicates active service request. 



NOTE 

The RQSOFF command wiU disable aU SRQ's except power on. 
Therefore, for any other service request to function, the RQSON 
comnoand must be given, afong with the command to enable that 
service request. 
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Polling 

A serial poll allows the GPIB controller to check the status of any or all Instru merits 
on the bus* When the 7854 is polled, it sends the appropriate status byte and (if the 
7854 was asserting SRQ) clears its service request. The status byte can then be 
used to initiate corrective action, proceed with the program, or send a message to 
the operator. (See Fig. 7-16 for sample program.) 



100 REM^SERIAL POLL SUBROUTINE #1 
110 REM* 

120 POLL D,S:10 
130 RETURN 

140 REM* SERIAL POLL SUBROUTINE #2 
150 REM* 

160 WBVTE @95,63.24,74: 

170 RBYTE S 
180 WBVTE @95,25: 

190 RETURN 

LINE BY LINE COMMENTS: 

100 Use 4050 POLL command i1 7854 is requesting service 
120 S = status byte 
130 End of subroutine #1 

140 Use 4050 WBYTE and RBYTE commands if 7854 is not 
requesting service 

160 95 - Send GPIB UNTalk command (UNT) 

63 = Send GPIB UNListen command (UNL) 

24 = Send GPIB Serial Poll Enable command (SPE) 

74 = Send 7854 's talk address 

170 Input Status byte {S} 

180 95 = Send GPIB UNTalk command |UNT) 

25 = Send GPIB Serial Poll Disable command (SPD) 

190 End of subroutine #2 

3B73-316 



Figure 7-16. Serial-poll sample subroutines. 



GPIB THEORY 

The tEEE Standard 488-1978 is a complete description of the GPIB interface. The 
following brief description is included here to, hopefully, simplify the standard's 
technical descriptions and state diagrams, and make them a little easier to 
understand. This description should be read in conjunction with the IEEE standard. 



GPIB SIGNAL LINES 



The GPIB contains three groups of signal lines: data, handshake, and control. 



The eight data lines, DI01 through DIOS, are used to carry both interface messages 
and device-dependent messages. 
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The asynchronous, three-wire handshake is controlled by these lines: 

DAV {Data Valid)— asserted by the transmitting device. 

NRFD (Not Ready For Data) and NDAC (Not Data Accepted) — asserted by the 
receiving device. 

The five interface control lines are used for the follovving functions: 

ATN (Attention)— specifies how data on the DIO lines is to be interpreted: as 
interface messages when asserted; as device dependent messages when 
unasserted. 

IFC (Interface Clear) — Is used to initialise the interface functions of all instruments 
and return control to the system controller. 

SRQ (Service Request) is used to request service from the controller. 

REN (Remote Enable) — allows remote control of devices on this bus. 

EOl (End Or Identify)^ — indicates the last byte of a message. 

See IEEE Standard 488-1978, Standard Digital Interface for Programmable 
Instrumentation, for full definitions of these lines and the protocol for their use. 



THE HANDSHAKE 

The data and handshake lines are used for the source and acceptor handshake, 
Actuallv, they are two parts of the same handshake. Fig. 7-17 shows the states of 
these lines as they are set by a talker using the source handshake and a listener 
using the acceptor handshake. Note that the timing diagram relates the electrical 
signals on the bus to the states of the source and acceptor handshakes. By looking 
at both, it may be easier to grasp the sequence of the interlocked handshakes than it 
is to absorb, by themselves, the state diagrams in the standard. 

1 . To begin, the source goes to the Source Generate State (SGNS). In this state, the 
source is not asserting a data byte on the data lines or Data Valid (DAV). When 
no bus driver is asserting a line, the line rises to a high level (0) set by the bus 
terminating network. The acceptors are in the Acceptor Not Ready State (ANRS), 
asserting both Not Ready For Data (NRFD) and Not Data Accepted (NDAC). In this 
condition, NRFD and NDAC are both low (asserted). 

2. The source sets the data byte on the data lines and enters the Source Delay 
State (SOYS), tf this is the last data byte In the message, the source asserts the 
End Or Identify (EOl) line at the same time. The source waits for the data to 
settle on the lines and for all acceptors to reach the Acceptor Ready State 
(ACRS). 

3. Each acceptor says, "I'm ready" by releasing Not Ready For Data (NRFD) to move 
to the Acceptor Ready State (ACRS), This is one of the points in the handshake 
designed to accommodate slower listeners. Any acceptor can delay the source 
handshake by asserting NRFD. 



GPIB Information— 7854 




Figure 7-17. Source and acceptor handshake sequence- 



4, When the source sees Not Ready For Data (NRFD) high, the Source Transfer 
State {SIRS) is entered by validating the data with Data Valid (DAV), The source 
then waits for the data to be accepted. 



5. When the receiving devices see DAV true, they 90 to the Accept Data State 
(ACDS), Each device asserts Not Ready For Data (NRFD) because it is busy with 
the current data byte and is not ready for another. 

6 . As each device accepts the data, the device releases Not Data Accepted (NDAC) 
to move from the Accept Data State (ACDS) to the Acceptor Wait for New cycle 
State (AWNS). Again, all receivers must release the Not Data Accepted (NDAC) 
fine for the source to see a high level. 

When the source sees NDAC high (all listeners have accepted the data), the 
Source Wait for New cycle State (SWNS) is entered. 

7. In the SWNS, the source unasserts Data Valid (DAV). This causes the acceptors 
to proceed to the Acceptor Not Ready State (ANRS), their initial state in the 
handshake. In ANRS. they assert Not Data Accepted {NDAC). 

3. The source continues to the Source Generate State (SGNS). its initial state in the 
handshake, to prepare a new byte for transmission. 



@ 
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ASCII It IEEE 488 |GPI8j C8DE CHA8T 



BITS 

a3 92B1 


0 

0 

0 


0 

0 

1 


0 1 


0 

1 

1 


1 

0 

0 


1 

0 

1 


' 1 I 
0 


1 

1 

1 


CONTROL 


NUMBERS 

SYMBOLS 


UPPER CASE 


LOWER CASE 


B S 2 3 


NUL 

0 0 


3P 

DLE 

ICI 16 


4P 

SP 

2Q az 


BP 

0 

ap 4B 


ipp 

@ 

AO 6A 


120 

P 

SO 80 


1AD 

1 

GO 9G 


t6D 

P 

tU 112 


0 B Q \ 


1 QIL 

SOH 

1 t 


31 LLO 

DC1 

11 17 


At 

1 

2t ' 33 


61 

1 

31 49 


101 

A 

At 65 


121 

Q 

55 81 


a 

51 97 


161 

q 

71 tia 


B B ^ 2 


' STX 

1 i 


33 

□C2 

12 10 


4Z 

If 

ZZ 14 


GZ 

2 

32 SO 


10Z 

B 

A2 EG 


izz 

R 

5Z 82 


IA2 

b 

6Z 98 


isa 

r 

71 11A 


0 a 1 1 


ETX 

3 a 


za 

DC3 

ia 19 


“# 

33 3S 


83 

3 

33 51 


103 

c 

43 67 


123 

s 

S3 03 


1A3 

c 

B3 99 


t83 

s 

73 116 


0 10 0 


C ^DC 

EOT 

a c 


24 bCL 

DG4 

14 2Q 


34 

s 

ZA 38 


G4 

4 

3A 62 


IDA 

D 

4A 85 


124 

T 

54 0A 


144 

d 

84 10P 


IBA 

t 

7A 116 


0 10 1 


S PPC 

ENQ 

s s 


26 PPU 

NAK 

IS 31 


AS 

% 

as 37 


65 

5 

35 53 


IDS 

E 

45 59 


1Z5 

u 

55 35 


t45 

e 

86 101 


166 

u 

7S t17 


0 110 


ACK 

E G 


ZB 

SYN 

IB Z3 


AG 

& 

as 33 


66 

6 

3G 6A 


106 

F 

A6 70 


tZ6 

V 

S5 88 


lAB 

f 

BB lOZ 


1G8 

V 

78 ne 


0 111 


'bel 

7 7 


ZT 

ETB 

17 za 


A? 

f 

Z7 39 


&? 

7 

37 55 


107 

G 

A7 71 


tZ7 

w 

57 87 


IA7 

9 

B7 103 


167 

W 

77 119 


10 0 0 


IQ GET 

BS 


30 SPE 

CAN 

IS 24 


SO 

20 ^ AP 


70 

a 

3B 66 


110 

H 

AG 72 


13P 

X 

56 86 


150 

h 

88 104 


170 

X 

7B 120 


10 0 1 


i1 TCT 

HT 

9 9 


31 SPD 

EM 

19 36 


51 

29 ^ AI 


n 

9 

ag 67 


in 

1 

49 73 


lit 

Y 

69 69 


151 

i 

89 1D5 


I7i 

y 

79 IZl 


10 10 


13 

LF 

A IP 


az 

SUB 

1A ZB 


5Z 

* 

2A 4? 


|72 

aA ' SG 


tl2 

J 

4A 74 


132 

z 

5A 9P 


I5Z 

Bfl ^ t06 


172 

7a laa 


10 11 


la 

VT 

B 11 


3a 

ESC 

tB 27 


S3 

+ 

20 43 


73 

3B ’ 


113 

K 

AS 75 


133 

sa ^ 81 


153 

k 

SB 107 


re ' 123 


110 0 


■ 4 

FF 

C 13 


34 

FS 

1C 28 


5A 

2C ’ AA 


74 

< 

aC 6 p 


IIA 

L 

|AC 7G 


13A 

\ 

SC 92 


154 

1 

or. 108 


1 

1 

7d 1ZA 


110 1 


IS 

CR 

□ 13 


3!j 

GS 

ID 29 


55 

2D A5 


75 

3D 61 


115 

M 

AD 77 


135 

SO ^ 93 


166 

m 

Bi> 109 


70 125 


1110 


Ifi 

SO 

E 14 


36 

RS 

IE ap 


58 

Z£ ' AG 


76 

> 

3E BZ 


1 16 

H 

4E 78 


6E A 94 


156 

n 

BE IIP 


t7B 

7E 178 


1111 


17 

F 15 


3? 

US 

■F ai 


S7 

/ 

2F 47 


77 UMl 

? 

IF ' 53 


1 I? 

0 

AF 79 


137 UNT 

5F 95 


167 

o 

6F 111 


177 

nUBOUT 

IDEL) 

7F 127 




tOMUANDS 


Li^rcn 


tALH. 

ftOEtnF55*i 


□ n rcMMJ.hDS 



KEV 



octal 


25 


PPU 


GPlQcade 




NAK 


ASCII character 


hex 


15 


21 


decirn;il 
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Instrument Options 

Your 7854 Oscilloscope may be equipped with one or more options. This section 
mciudes a brief description of each option, and an Option Information Locator table. 
The Option Information Locator table lists all the options and tells where they are 
mentioned in this manuaL For further information about options, see your Tektronix 
Products catalog or contact your Tektronix Field Office. 
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OPTION 02 

Option 02 provides X-Y mode phase correction of the real-time signals. A horizontal 
delay line and compensation network equalizes the signal delay between either 
vertical compartment and the horizontal deflection system. With this network 
installed and activated, the phase shift between the vertical and horizontal systems 
is adjustable to less than 2“ from dc to one megahertz. 

OPTION 03 

With Option 03 installed, the instrument will meet the EMC (electromagnetic 
compatibility) specifications given in section 2. 

OPTION 78 

Replaces standard crt phosphor with P11. 

OPTION 0D 

Deletes the Waveform Calculator and GPI8 facilities by removing 2000 words of 
memory, and replacing the rear-pane! GPIB connector and ADDRESS SELECTION 
switches with a blank panel. Operation of the instrument will not change except 
that the front-pane! RQS key and I/O. SRQ. and REMOTE ONLY indicators are 
inoperative. Afl access to the Waveform Calculator commands is denied when the 
2K of memory is removed. 

OPTION 2D 1 

An additional 4096 words of memory are added with Option 2D to expand the 
program memory, waveform memory, and constant registers. Program memory is 
increased to a maximum of 2000 commands, waveform memory is increased to 
5120 waveform points, and the constant registers are increased to 100. 

OPTION A1 

The standard power cord is replaced with the Universal European 220- volt type 
power cord (Tektronix Part 161-0066-09). 

OPTION A2 

The standard power cord is replaced with the UK240-volt type power cord (Tektronix 
Part 161-0066-10). 

OPTION A3 

The standard power cord is replaced with the Australian 240-volt type power cord 
(Tektronix Part 161-0066-11). 

OPTION A4 

The standard power cord is replaced with the North American 240-volt type power 
cord (Tektronix Part 161-0066-12). 

^ Applies ot^ly to instruments with serial numbers below B0BS121. For instruments with 
serial number BOB5121 and above, features previously provided by Option 2D are standard. 

8-1 



REV AUG 1986 



Instrument Options— 7854 



OPTION IS 

Option IS includes a currently applicable version of the Diagnostic Memory Card 
(Tektronix Part 067-0961 -XX) with the 7S54 Oscilloscope. This card is part of the 
digital servicing package and is not required for instrument operation or 
understanding. 

OPTION 2S 

Option 2S includes a currently applicable version of the Signature Tables (Tektronix 
Part 070-2972-XX) with the 7854 Oscilloscope. The Signature Tables are required 
for signature analysis troubleshooting, but not for instrument operation or 
understanding, 

INSTRUMENT OPTION IDENTIFICATION 

7S54 Oscilioscopes with one or more options have a tag attached to the rear-panel 
of the mainframe to identify each included option (02. 03. 78. 0D. 2D. A1 . A2, A3, or 
A4). The tag(s) will be located as shown in Figure 8-1 . Instruments with Options IS 
or 2S will not have any identification tag since these options are not part of the 
7854 Oscilloscope. 




Figure 8-1. Location of Option Identification Tags^ 
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TABLE 8-1 

Option Information Locator 





Location in IVtanual 




Option 


Section 


Heading 


Information 


02 


8 

Instrument 

Options 


Option 

02 


Gives a brief description of 
Option 02. 


03 


3 

Genera] 

Operating 

Information 


Light 

Filter 


Mentions that the crt mesh filter is 
included with Option 03. 




8 

Instrument 

Options 


Option 

03 


Gives a brief description of 
Option 03. 


78 


8 

Instrument 
Opt ions 


Option 

78 


Gives a brief description of 
Option 78, 


00 


1 

Introduction 


General 

Purpose 

Interface 

8us 


Mentions that, except for instru- 
ments with Option 0D, the 7854 
has a GPIB. 




5 

Using The 
Measurement 
Keyboard 


Introduction 


Describes use of keyboard on 7854 
Option 0D. 




Waveform 

Storage 

Considerations 


Explains that with Option 0D, 
only one waveform can be stored 
at a time. 






Selecting 
Both CRT 
Display Mode 


Describes display modes of 7854 
Option 0D. 




6 

Using The 
Waveform 
Calculator 
(Waveform 
Processing) 


Waveform 
Memories St 
Resolution 


Mentions that the Option 00 
instrument will not process 
waveforms. 




Waveform 
Acquisition 
And Data 
Storage 


Lists parameters of pulse 
of pulse acquisition for standard 
and Option 0D instruments in 
Table 6-1 , 



@ 
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TABLE 8-1 (CONT) 
Option Information Locator 





Location 


in Manual 




Option 


Section 


Heading 


Information 


0D 

(cont) 


7 

GPiB 

^nformation 


Introduction 


Mentions that Option 0D deletes 
the GP18, the Waveform Calculator 
keyboard, and 2,000 words of 
memory. 




8 

Ir^strurnent 

Options 


Option 

0D 


Gives a brief description of 
Option 0D. 


2D1 


6 

Using The 
Waveform 


Using The 
Constant 
Registers 


Explains how the constant registers 
are referenced (by addresses 0-99) 
with Option 2D. 




Calculator 
(Stored 
Display 
Mode InfoJ 


Storing A 
A Constant 


Explains how the constant registers 
are referenced (by addresses 0-99) 
with Option 2D, 






Retrieving 
A Constant 


Explains how the constant registers 
are referenced (by addresses 0-99) 
with Option 2D. 




(Waveform 

Processing) 


Waveform 

Acquisition 

Data 

Storage 


Lists parameters of pulse 
acquisition for standard and 
Option 2D instruments in Table 6-1 . 






Observing The 
Waveform 
Memories At | 
Power-Up 


Mentions that the X register must 
contain a number within the limits 
of the P/W setting for Option 2D. 




S 

Instrument 

Options 


Option 

20 


Gives a brief description of 
Option 2D. 




9 

Command 

Language 


Error And 
Warning 
Messages, 
Table 9-20 


Mentions that the X register does 
not contain a constant between 
zero and 99. 






Displayed 
CNS Error 
Messages, 
CNS ERROR 
and >CN 


Mentions that the X register does 
not contain a constant between 
zero and 99, 



' Applies only to instruments with serfs i numbers below B0SS121. For instruments with 
serial number B085121 anti above^ features previously provided by Option 2D are standard. 
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TABLE 8-1 (CONT) 
Option Information Locator 





Location in Manual 






Option 


Section 


Heading 


Information 




A1 


1 

Introduction 


Operating 
Power 
Information 
(Table 1-2) 


Lists details of Option A1 . 




8 

Instrument 

Options 


Option 

A1 


Gives a brief description of 
Option A1 . 


A2 


1 

introduction 


Operating 
Power 
Information 
(Table 1 -2) 


Lists details of Option A2. 




8 

Instrument 
Opt ions 


Option 

A2 


Gives a brief description of 
Option A2* 


A3 


1 

Introduction 


Operating 
Power 
Informat ton 
(Table 1-2) 


Lists details of Option A3, 




8 

Instrument 

Options 


Option 

A3 


Gives a brief description of 
Option A3. 


A4 


1 

Introduct ion 


Operating 
Power 
Information 
(Table 1-2) 


Lists details of Option A4. 




S 

Instrument 

Options 


Option 

A4 


Gives a brief description of 
Option A4. 


IS 


8 j 

instrument 
Opt ions 


Option 

IS 


Gives a brief description of 
Option 1 S. 


2S 


8 

Instrument 

Options 


Option 

2S 


Gives a brief description of 
Option 2S. 
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Command Language 

Information in this section is intended only as reference material on the operation of 
the 7854 Oscilloscope. The information is generally presented in a tabular format; 
however, all information about a command is not necessarily contained in only one 
table. Refer to the Command lnde>? at the rear of this manual for the locations of 
related command information. 
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OPERATIONAL CONVENTIONS 

The followmg conventions are intended as a reference guide to describe the overall 
operating principles of the 7854 Oscilloscope. 



OPERATING MODES 

Figure 9*1 illustrates the basic 7854 modes in order of priority. Column A lists the 
commands that can be executed when in the program Entry and Edit modes, and 
column B lists the commands that cannot be executed when in the program Execute 
mode. 



CRT DISPLAY 

The crt graticule lines are spaced 8 cm vertically and 10 cm horizontal ly. with 
markers each 0.2 cm. The character display area {within graticule outline) is 
assigned 16 lines, numbered 1 through 16, starting at the graticule top. Each line 
contains spaces for 40 characters, numbered 1 through 40, starting at the graticule 
left. Characters to be displayed have preassigned fields in the display area for each 
display mode, as Hlustrated in Figures 9-2, 9-3 and 9-4. 

REAL-TIME WAVEFORMS AND READOUT DISPLAY 

All real-time waveforms within the crt graticule area (8 by 10 cm) is valid. Readout 
is determined by the plug-in unit and will be displayed as described in Figure 9-2. 
However, if the selected piug-in unit is not equipped to encode readout, the 
processor will assign a default scale factor and issue a warning. 

STORED WAVEFORMS AND CHARACTER DISPLAY 

All waveform data is valid within the acquisilicn graticule area of 10 by 10 cm. 
(Area extends vertically plus and minus one additional cm from the cri graticule,) 
Refer to Figure 5-1 for more information. 

Horizontal Resolution: Stored waveform horizontal resolution depends upon the 
P/W selection (see Table 9-1). 



TABLE 9-1 

Points-Per-Waveform vs Horizontal Resolution 



P/W 


Horizontal Resolution 
(increments/div) 


128 


12.8 


256 


25.6 


512 


51.2 


1024 


102.4 



@ 
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Figure 9-1, The 7854 hierarchy of operational modes. 
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Scope Mode 



Character Numbers 




Symbol 


Description 


A 


LEFT VERT plug-in unit, channel 1. 


B 


RIGHT VERT plug-in unit, channel 1. 


C 


A HORiZpfug-in unit, channel 1, 


D 


B HORIZ plug-in unit, channel V 


E 


LEFT VERT plug-in unit, channel 2. 


F 


RIGHT VERT plug-in unit, channel 2. 


G 


A HOR1Z plug-in unit, channel 2. 


H 


B HORiZ plug-in unit, channel 2, 



2873 404 



Figure 9-2. Character display fields utilized in the SCOPE mode. 
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Stored or Both Mode 



Character Numbers 

5 to 15 20 25 30 35 40 



1 


A 


A 


A 


- 


e 


B 


* 




C 


c 


c 


* 


0 


D 


D 


□ 


D 


D 


5 


£ 


£ 


E 


E 


E 


E 


E 


£ 


E 


F 


G 


G 


G 


G 


G 


G 


G 


G 


G 


G 


H 


2 


1 


i 


1 




j 


4 


- 


J 


J 


- 


J 


J 


* 


J 


J 


- 


J 


J 


" 


J 


J 


- 


J 


J 


- 


J 


J 


- 


J 


J 


* 








K 


K 


- 


L 


L 




3 


















































































4 


















































































5 


















































































E 
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Figure 9-3. Character display ftelds utilized in the STORED or BOTH rnode. 
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Stored or Both Mode 



Symbol 


Description 


- 


Blank space. 




A 


OPW. 




B 


Operationat waveform number (left justified). 




C 


VZR. 




D 


Vertical zero riumber, in divisions justified). 




E 


Vertical scale factor, per division (right justified) 




F 


Vertical scale unit. 




G 


Horizontal scale factor, per division (right justified), 




H 


Horizontaf scale unit. 
DSW. 




J 


Integer, displayed waveform number (right justified). 




K 


VS, 




L 


Integer, horizontal axis waveform number (left justified). 


M 


TEK/7854V79.1, 




N 


Firmware version. 




0 


Available RAM. 




P 


ADDRESS: 




Q 


Address. 




R 


Tatk/listen mode and terminator. 




S 


ON: 




T 


Status message. 




U 


OFF: 




V 


Status message. 




w 


Biank if one cursor on; A if two cursors on. 




X 


VCRD 




Y 


= 




Z 


Vertical cursor coordinate including unit (left justified). 


a 


Blank it one cursor on; A if two cursors on. 




b 


HCRD. 




c 

d 


Horizontal cursor coordinate including unit (left justified). 


e 


V constant (right justified). 


Display Is either a 


f 


V waveform number (right justified). 


constant, or a waveform 


9 


WFM 


number followed by 


h 

r 


X constant (right justified), 

X waveform number (right justified). 


the mnemonic WFM. 


] 


WFM. 




k 


Key mnemonic (left justified). 


If no status message 


1 


Key mnemonic (left justified), 


follows the mnemonic^the 
entire mnemonic is 
displayed. If s status 
message does follow the 
mnemGnic, it is truncated 
to 3 characters. 


m 


Status message (left justified). 




n 


PL. 




G 


Program line number. 
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Figure 9-3 {cont.J Character display fields utilized in the STORED or BOTH mode. 
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Program Entry and Edit Mode 

Character Numbers 

S 10 IS 20 26 30 35 40 




t 

2 

3 

4 

5 

w 6 
V 

1 ^ 
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Symbol 


Description 


1 


1 


> {edit prompt, displayed only on line number 8.) 

Line numbers (processor assigned. 000 through 999). 
Program Text. 

Blank space. 


2873 406 



Figure 9-4. Character dispEay fields utilized in the program Entry and Edit modes. 
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Vertical Resolution: 102.4 increments/div {only at time waveform is stored into 
mennory); P/W is fixed at 512 with Option 00. 

Y-T Mode 

The components of a stored waveform superimposed upon a calibrated graticule 
are: 

1. Vertical Scale Factor. Specifies the numeric value of each vertical division and 
the associated unit (e.g., V). Scale factors are constants, and have the same 
range and precision as positive constants. 

2. Horizontal Scale Factor. Specifies the numeric value of each horizontal division 
and the associated unit (e.g.. S). 

3. Waveform. Consists of vertical coordinates (in units of vertical graticule 
divisions) corresonding to the individual points of the waveform. Waveforms are 
displayed as a series of points at the specified graticule locations, with or 
without connecting vectors. 

The points are numbered, for reference, from 0 to the points-per-waveform 
minus one. Waveform values have a maximum range of 120 divisions, and are 
stored within a resolution of 1/1638.4 of a division. The stored waveform 
vertical range is +20 divisions from vertical zero. Also, each point must be less 
than 20 divisions from every other point. 

4. Vertical Zero. Specifies the vertical location (in graticule divisions) of waveform 
zero with relation to crt graticule zero. The vertical zero values have a maximum 
range of ±20 divisions, and are stored with a resolution of 1/1638.4 of a 
division. When the display location is specified in graticule divisions, vertical 
zero is at the specified graticule location, with positive upward. 

5. Horizontal Zero. When the display location is specified in graticule divisions, 
horizontal zero is at the left edge of the graticule, with positive to the right. 

X-Y Mode 

The horizontal position of each displayed waveform point represents the vertical 
value of the corresponding waveform point on the horizontal waveform; the 
corresponding waveform point location is measured from the horizontal graticule 
center [zero reference) and is measured in divisions, with positive to the right. 

The mnemonic VS, followed by the horizontal waveform number, is displayed on 
line 2 of the character display field. Refer to Figures 9-2 and 9-3. 

The displayed horizontal scale factor is the same as the horizontal waveform vertical 
scale factor. 

The horizontal cursor-coordinate display reflects the displayed horizontal scale 
factor, {i.e„ HCRD = (divisions)* (HSCL)). This is, in effect, the VCRD value of the 
cursor points on the horizontal waveform. 
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STORED WAVEFORM ACQUISITION 

Waveform acquisition is the storage of real-time waveforms into the waveform 
memory. Waveform and scale factors are acquired because both are required to 
fully specify waveform values. 



REAL-TIME WAVEFORM ACQUISITION 

The digitizer converts the displayed real-time waveform(s) into numeric form for 
storage in the data memory. The generated digital data corresponds to that 
observable visually, such as graticule division and scale factor terms* The only 
deliberately introduced changes are due to quantizing. 



The instrument acquisition system operates properly with single-valued functions of 
the horizontal variabie. X-Y type waveforms will not be correctly acquired. 

The digitizer control starts and stops the digitizer, and also controls its mode. Real- 
time single-shot, equivalent-time sampled, and signal averaged modes are 
available. 



REPETITIVE DIGITIZING 

Repetitive digitizing uses equivalent-time sampling to construct complete 
waveform(s) from many repetitions of the same real-time waveform{s); this mode is 
useful at all sweep speeds. 



The digitizer simultaneously samples and quantizes the horizontal and vertical real- 
time trace location. The horizontal value specifies the point number where the 
vertical value is stored. 



Sampling is asynchronous with respect to the sweep. Only those samples taken 
while the sweep gate is on are considered valid. Samples taken from portions of the 
real-time trace horizontally outside the graticule are loaded into the corresponding 
extreme stored points (hence these points are generally erroneous). At any time 
during digitizing, most points will have been sampled more than once (the latest 
data is retained}, while some may not have been filled at all. 



Waveform acquisition terminates when either of the following occurs: 

1 . At least 99% of all sampled points of the real-time waveform are stored into 
memory, and at least one complete sweep has occurred. 

2. A STOP command from the keyboard is received. 
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REAL-TIME DIGITIZING 

Real-time digitizing samples and digitizes only one occurrence of the real-time 
waveform{s)* The fastest equivalent sweep speed at which this mode is usable is 
limited by the maximum sample rate at which the digitizer hardware can operate. 

The instrument requires a clock-generator time base to supply a clock, which then 
determines the sampling rate. An external clock signal may also be connected via 
the plug-in's external clock connector. 

During digitizing, vertical signals are sampled every clock cycle, digitized, and then 
stored in memory. The memory contains the last P/W samples, or all samples if 
fewer clock cycles have occurred. 



UNFILLED/ERRONEOUS POINTS 

After termination, any unfilled and known erroneous points are corrected as 
follows: 

Up to 0.01 of the total sampled points in the on-screen portion {horizontally) of the 
trace may not have been digitized. These are randomly distributed, and are filled by 
linear interpolation from adjacent valid data. When the real-time trace terminates 
outside the horizontal graticule boundary, the corresponding stored waveform end 
point(s) are set to the same value{s) as the adjacent point(s). When the trace 
terminates on-screen, the stored end point data is copied to all unfilled points, to the 
end of the waveform. 

If no points are filled, due to a forced STOP before any or enough sweeps have 
occurred, the scale factors are acquired as described, and all waveform points are 
set to zero. 



WAVEFORM STORAGE 

Waveform data is stored in a digital storage area. 

A stored waveform is represented by a sequence of 1 6-bit binary integers. Each 
number repersents a point of the waveform. 

Points- per -Waveform (P/W) is the number of points in a waveform. Points are 
numbered from 0 through [(P/W)-1] and are assumed to be uniformly spaced at 
increments of (10 / [(P/W)-1]) divisions along the horizontal graticule axis. Point 0 
is at the left edge of the graticule. 

The stored data format is used directly for internal input from the digitizer and 
output to the display, (The user numerical access is via software routines which 
transform the internal format to and from the external decimal form,) 



@ 
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WAVEFORM RESULTS 

New waveform data generated by computation is always stored at waveform 
memory address 0 WFM. 



OVERFLOW AND UNDERFLOW 
Large and Small Constants 

The largest internally representable constant magnitude is approximately 1 0^® or 
232,767, larger constants are set to this magnitude with the proper sign. The largest 
constant magnitude that can be displayed is 10^^ larger constants are displayed 
as: Imanllssa sign) , 

The smallest internally representable constant magnitude is approximately 10"^® or 
2-32.767, constants are set to s:ero. 

The smallest constant magnitude that can be displayed is 10'^^; smaller constants 
are displayed as zero. 



Large and Small Waveforms 

All waveform point values larger than the largest constant magnitude are set to that 
magnitude with the proper polarity, and are displayed at the plus or minus 3 division 
level. Ail other waveform points are set to zero. 

Waveform point values smaller than the smallest magnitude may be accessed 
externally (e g., by waveforms). If all waveform values are smaller than the smallest 
magnitude, the entire waveform value is set to zero. 
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INSTRUMENT COMMANDS 

The following tables list afJ the commands, and provide a concise description of iheir 
functions. 



ARITHMETIC FUNCTIONS 

The commands ABS through SORT, listed in Table 9-2 are performed on a single 
constant or waveform operand: the remaining commands (+, /) are performed 

on two constant or waveform operands. Table 9-3 lists operand types and results 
when using the Y and X registers for mathematical computations. 



TABLE 9-2 

Arithmetic Commands 



Command 


Execution 


ABS 

(Returns Absolute Value) 


Function: Computes absolute value of contents 
of X register, and returns result to X register. 
The result is not autoscaled; and if the 
operand is a waveform, ihe VZR and vertical 
scale factor are retained. 




Stack: Pops contents of X register; pushes 
result back into X register. 




Vertical Scale Factor Units: Remains same as 
operand unit. 


EXP 

(Exponential) 


Function: Computes exponential function of X 
register contents, and returns result to X 
register. 




Stack: Pops contents of X register; pushes 
result back Into X register. 




Scale Factor Units; Blanked if operand is 
waveform. 


LN 

(Returns Natural Logarithm) 


Function: Computes natural logarithm of 
absolute value of contents of X register; 
returns result to X register. 




Stack: Pops contents of X register; pushes 
result back into X register. 
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TABLE 9-2 (CONT) 
Arithmetic Commands 


Command 


Execution 


LN {com) 


Scale Factor Unit: Blanked operand is a 
waveform. 




Warning: Issued if the X register contains 
either a negative or zero constant, or a 
waveform memory address in which any point 
of the waveform is negative or zero. 


SGN 

{Returns Signum) 


Function: Computes signum of X register 
contents, and returns result to X register. 
Result is not autoscaled; if operand is a 
waveform the vertical scale factor is set to 1, 
and VZR is set to 0, 




Description: The signum of the contents of the 
X register equals: 

1 where contents of X register is greater 
than 0. 

0 where contents of X register is 0. 

-1 where contents of X register is less 
than 0. 




Stack; Pops contents of X register; pushes 
results back into X register. 




Both Scale Factor Units: Blanked if operand is 
waveform. 


SORT 

(Returns Square Root) 


Function: Computes square root of absolute 
value in X register: returns result to X 
register. 




Stack: Pops contents of X register; pushes 
result back into X register. 




Scale Factor Units: Blanked if operand is a 
waveform. 




Warning: Issued if the X register contains 
either a negative constant, or a waveform 
memory address fn which any point of the 
waveform is negative. 
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TABLE 9-2 (CONT) 
Arithmetic Commands 



Command 


Execution 


+ (Add) 


Function: Adds contents of Y register to 
contents of the X register; returns result to X 
register. 




Stack: Pops contents of X and Y registers; 
pushes result back to X register. 


- (Subtract) 


Function: Subtracts contents of X register from 
contents of Y register; returns results to X 
register. 




Stack: Pops contents of X and Y registers; 
pushes result back to X register. 


* (Multiply) 


Function: Multiplies contents of Y register by 
contents of X register; returns result to X 
register. 




Stack: Pops contents of X and Y registers; 
pushes result back to X register. 


/ (Divide) 


Function: Divides contents of Y register by 
contents of X register; returns result to X 
regi ster. 




Stack: Pops contents of X and Y registers; 
pushes results back to X registefn 




Warning: Issued if the X register (divisor) 
contains either a zero constant, or a waveform 
rnemory address in which any point of the 
waveform is zero. The result is internally set to 
the largest representable binary number of the 
same sign as the Y register (dividend): a field 
of eight * (asterisks) preceded by the 
appropriate sign is displayed. However, if the Y 
register also contains a zero, or a waveform 
memory address in which the corresponding 
point of the waveform is also zero, the result 
IS set to zero. 
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TABLE 9-3 

Operands and Results 


Operands 

{Contents of Y and 
X Registers) 


Result 


Two Constants 


A constant returned to X register. 


Two Waveforms 


A waveform returned to waveform memory 
address 0 WFM. (Each resulting waveform point 
is calculated by applying the specified operation 
to the corresponding points of the referenced 
waveforms.} 


Scale Factors 


If both horizontal scale factors of the 
referenced waveforms are the same, the 
resulting waveform has the same scale factor; 
otherwise, the scale factor is assigned a value 
of "'1" and a warning is issued. 


Scale Factor Units 


Horizontal: If both horizontal scale factors and 
units of the referencecf waveforms are the 
same, the resulting scale factor unit is the 
same; otherwise, the unit is blank. 

Vertical; For + and - functions the resulting 
vertical scale factor unit is blank if the two 
referenced waveforms have differing vertical 
units. For * and / functions the resulting 
vertical scale factor unit is blank. 


Constant and Waveform 


A waveform returned to waveform memory 
address 0 WFM. (Each resulting waveform point 
is calculated by combining each waveform point 
with the constant value.) 


Scale Factor Units 


The vertical and horizontal scale factor units of 
the resulting waveform are the same as the 
operand waveform. 
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CRT DISPLAY 

Table 9-4 lists iha overalf display content as selected fay the CRT DISPLAY 
commands. 



TABLE 9-4 

CRT Display Commands 



Command 


EKecution 


SCOPE 

(Scope Display) 


Function: Selects reabtlme waveform(s) and 
readout display on crt. 


STORED 

(Stored Data Display) 


Function: Selects stored data display on crt. 


BOTH 

(Combined Display) 


Function: Selects a combined display, 
consisting of a stored data display plus the 
real-time waveform(s) only; no real-time readout 
is displayed. 



CURSORS 

Cursors are one or two specially identified points displayed (with bright dots) on the 
operational waveform. The cursors delimit portions of the waveform for waveform 
parameter calculations. They also have special significance for pulse parameter 
measurements. Refer to Table 9-5, Cursor Commands, for functions and 
restrictions. 



ONE CURSOR 

Cursor 1 is displayed on a point of the operational waveform. 

VCRD is the vertical coordinate of Cursor 1 's point, in scale factor units, relative to 
VZR, 

HCRD is the horizontal coordinate of Cursor Vs point, relative to the start of the 
waveform, in scale factor units. 



TWO CURSORS 

Cursors 1 and 2 are displayed on points of the operational waveform, 

AVCRD is the vertical location of Cursor 2 relative to Cursor 1 , in scale factor units, 
{AVCRD setting is equal to the operational waveform value at Cursor 2 minus the 
operational waveform value at Cursor 1 .) 
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AHCRD is the horizontal location of Cursor 2 relative to Cursor 1, in scale factor 
units. {AHCRD setting is equal to the Cursor 2 point number minus Cursor 1 point 
number times the horizontal increment.) 



CURSOR MOVEMENT 

Cursor movement is described in terms of horizontal position along the operational 
vvaveform. Therefore, the vertical position is determined by the horizontal position. 



Restrictions 

1. Each cursor must coincide with an operational waveform point* 

2, Cursor 1 can be moved to any operational waveform point. 

3 Cursor 2 can be moved to any point in the portion of the waveform between, and 
including. Cursor 1 and the end of the waveform. 

4. For stored programs, only the initial actuation of the manual slewing keys is 
stored and executed, 

5 Cursors can be positioned via the manual slewing keys { CRS1 < ) , [ CRS1 > I , 
[ CRS2<n , and P CRS2> 1 , The initial actuation moves the cursor by one point* 
If the key remains actuated longer than approximately 300 milliseconds, the 
cursor begins continuous movement, slowly at first, accelerating in about 1 
second to maximum speed. Releasing the key terminates the cursor movement. 

6. Cursors can be positioned directly with the >VCRD and >HCRD commands* 

7. The cursor coordinates can be returned to the X register with the VCRD 



and HCRO commands. 


TABLE 9-5 
Cursor Commands 


Command 


Execution 


OFF 

(Cursors Off) 


Function: Turns off cursors* 


CRS1 

(One Cursor On) 


Function: Turns on Cursor 1, 


Display: Cursor 1 is displayed on the 
operational waveform. Coordinates are displayed 
in scale factor units. 
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TABLE 9-5 (COIMT) 
Cursor Commands 


Command 


Ej^ecution 


CRS2-1 

IBoth Cursors On) 


Function: Turns on Cursors 1 and 2. 


Display: Cursors are displayed on the 
operational waveform. Relative coordinates are 
displayed in scale factor units. 


CRS1< 

(Cursor 1 Left) 


Function: Moves Cursor 1 toward start of 
wavefornn. 


Restriction: Cursors cannot be OFF, 


Warning: Issued if Cursor 1 is at start of 
waveform. 


CRS1> 

{Cursor 1 Right) 


Function: Moves Cursor 1 toward end of 
waveform (picks up Cursor 2, displayed or not). 


Restriction; Cursors cannot be OFF. 


Warning: Issued if Cursor 1 is at end of 
waveform . 


CRS2< 

(Cursor 2 Left) 


Function: Moves Cursor 2 toward start of 
waveform. 


Restriction: Cursor 2 must be displayed fin 
CRS2-1 mode). 


Warning: Issued if Cursor 2 is at Cursor 1 
location. 


CRS2> 

(Cursor 2 Right) 


Function: Moves Cursor 2 toward start of 
waveform. 


Restriction: Cursor 2 must be displayed {in 
CRS2'1 mode). 


Warning: Issued if Cursor 2 is at end of 
waveform. 


>HCRD 

(Set Horizontal Coordinate) 


Function: Moves Cursor 1 (in CRS1 mode) 
or Cursor 2 {in CRS2-1 mode) so that the 
horizontal coordinate, or relative coordinate, is 
equal to the value in the X register. 



@ 
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TABLE 9-5 (CONT) 
Cursor Commands 


Command 


Execution 


>HCRD 


Restriction; Cursors must not be OFF; constant 
in X register must be >0; display mode must 
not be in X-Y. 




Warning: Issued if constant in X register 
represents a position beyond the right graticule 
edge. Simultaneously sets cursor(s) to right 
graticule edge. 



NOTE 



The cursor is set to the nearest stored point when the specified 
position does not coincide with a stored point. 



>VCRD 

(Set Vertical Coordinate) 


Function: Moves Cursor 1 (in cfjgi mode) or 
Cursor 2 fin CRS2-1 mode) so that the vertical 
coordinate, or relative vertical coordinate, is 
equal to value in X register. 




Restriction: Cursors must not be OFF. The 
operational waveform must cross or touch the 
specified vertical level (contained in X register) 
somewhere within the allowed cursor 
movement range. 


NOTE 



In a a searching operations to be described, scanning aiwa^s begins 
halfway between the initial location of the cursor to be moved, and the 
following point. If the next crossing is nearest to the present cursor 
location, that crossing is ignored. 

In QpsT mode, the operational waveform is scanned from Cursor f to 
the end of the waveform, if a crossing is not found, the scan continues 
from the start of waveform back to the cursor location. The cursor is 
set to the first crossing or touching point found. 

In CRS2-1 mode, the operational waveform fs scanned from Cursor 2 
toward the end of the waveform, if a crossing is not found, the scan 
continues from Cursor 1 forward to Cursor 2. Cursor 2 is then set to 
the first crossing or touching point found, where the touching point is 
preceded by at least one point of a different vafue. If the specified 
verticai level does not coincide with a stored point value, the cursor is 
set to the point which has the nearest vertical value. 
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TABLE 9-5 (CONT) 
Cursor Commands 



Command 


Execution 


VCRD 

(Returns Vertical Coordinate} 


Function: Copies the displayed vertical 
coordinate (CRS1 mode), or relative coordinate 
[CRS2-1 mode), into the X register. 


Stack: Pushes the result into the X register, 


Restriction: Cursors cannot be OFF. 


HCRD 

(Returns Hori?ontal 
Coordinate) 


Function: Copies the displayed horizontal 
coordinate (CRSI mode), or relative coordinate 
(CRS2-1 mode), into the X register. 


Stack: Pushes the result into the X register. 


Restriction: Cursors cannot be OFF. 



DATA STORAGE 

Table 9-6 lists the commands and functions used for storing and retrieving 
waveform and constant data. 



TABLE 9-6 

Data Storage Commands 



Command 


Execution 


CNS 

(Return Constant) 


Function: Contents of a constant register 
(designated by address number in X register} 
ere returned to X register. 




Stack: Pops X register; pushes contents of 
constant register into X register. 




Restriction: X register must contain constant 
which, when rounded to nearest integer, is 
from 0 to 49 (0 to 99 with Option 2D ’'), 
inclusive. 


^ Appdaa only to instruments with serial numbers below B0fl5l2l. For instruments with 
serial number BOS5121 and above, features previously provided by Option 2D ere standard. 

REV AUG 1986 9- ’'9 
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TABLE 9-6 (CONT) 
Data Storage Commands 



Command 


Execution 


>crjs 

^Store Constant) 


Function: Copies contents of Y register to 
constant register number given in X register; if 
contents of Y register is a waveform address, 
copies WFIVl number to X register. 




Stack: Pops X register. 




Restriction: X register must contain constant 
which, when rounded to nearest integer, is 
from 0 to 49 (0 to 99 with Option 2D 
Inclusive. 


PNT 

(Return Waveform 
Point Value) 


Function: Returns vertical value of operational 
waveform point number referenced in X 
register, to the X register. 




Stack: Pops the operational waveform point 
number from the X register; pushes vertical 
value to X register. 




Restriction: Contents of X register (rounded to 
nearest integer) must be from 0 to [(P/W)-11, 
inclusive. 


>PNT 

(Set Waveform Point Value) 


Function: Sets operational waveform point in 
X register to value contained in Y register. 




Stack: Pops X register. 




Restriction: Contents of X register (rounded to 
nearest integer) must be between, and 
including, zero and value of (P/W minus one). 
Contents of Y register must be a constant 
which, when divided by the vertical scale factor 
Is within the vertical range limits of the 
waveform. See Y-T Mode in Operational 
Conventions, at the beginning of this section. 


P/W 

(Return Points Per 
Waveform Setting) 


Function: Copies points per waveform setting 
into X register. 


Stack: Pushes X register. 



1 Applies only to instruments with aerial numbera betow B0Q5121, For instruments with 
aerial number BC85t21 and above^ features previously provided by Option 2D are standard. 
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TABLE 9-6 (CONT) 
Data Storage Commands 



Command 


Execution 


>P/W 

(Set Points Per Waveform) 


Function: Recortfigures waveform memory so 
that the size of all waveforms (points per 
waveform) is the same as the constant in the 
X register providing it is orie of the available 
sizes (128< 256. 512, or 1024), Performs 
implicit CLD command. 




Stack: Clears stack (all registers equal to zero). 




Restriction: Contents of X register must be 
either 128, 256, 512, or 1024, where contents 
of X register is rounded to nearest Integer, 


WFM 

(Recall Waveform) 


Function: Contents of waveform memory 
(number in X register) becomes operational 
waveform. 




Stack: Pops X register; pushes waveform 
address to X register. 




Restriction: X register must contain a constant 
which, when rounded to nearest integer, is 
from 0 to maximum valid waveform memory 
address number (inclusive). 


>WFM 

(Copy Stored Waveform) 


Function: Copies operational waveform into 
waveform memory (address number in X 
register). 




Stack: Pops X and Y registers; pushes 
waveform address to X register. 




Restriction: Y register must contain valid 
waveform memory address. X register must 
contain a constant which, when rounded to 
nearest integer, is from 0 to maximum valid 
waveform memory address number (inclusive). 
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EXTERNAL FUNCTIONS 

Table 9-7 iists [he external interface conmnands executed from both the Waveform 
Calculator keyboard or the measurement keyboard. 

TABLE 9 7 

External Interface Connmands 



D 



Command 



Execution 



Function: Identifies following data on crt screen. 



{Identify) 



Display 



Line 


Display Format 


9 


TEK/7854’, V79.l' 0^“.00^ 8K^ 


10 


ADDRESS: 10^ TALK LtSTEN^ EOl® 


12 


OW®: RQS IOC REM EXR CER OPC 


13 


OFF": 




Device Type. 


2 


Implemented version of Codes and 
Format Standard. 


3 


ROM version. 


4 


ROM patch version for specified 
ROM version. 


5 


instrument memory c 
Memory 


capability by option: 
Option 


2K 


0D 


4K ' 


(standard 


8K1 


2D1 


6 


GPIB address. 


7 


GPIB modes. 


a 


Message terminator. 


9 


GPIB service request command status 
(except with Option 0D). 



^ Applies only to instruments with serial numbers below B085121. For instruments with 
serial number B0BS121 and above^ features previously provided by Option 2D are standard, 
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NUMBER ENTRY 

Table 9-8 lists the number entry commands as executed from the Waveform 
Calculator keyboard. Table 9-9 describes the functions and character positions 
within the number entry field. 



TABLE 9-8 

Number Entry Commands 



Command 


Execution 


{Decimal Point) 


Function: Enter and display decimal point 
in mantissa. 




Stack: Pushed at first decimal point {or 
number) entry. 




Warning: An audible tone and stored display 
blink (numeric warning) ocurs if more than one 
decimal point is entered in mantissa, or if 
decimal point entry in exponent (following EEX) 
is attempted; XXX WARIMING message not 
displayed. 


0,1.2,3,4,5,6,7,8,9 

(Digits) 


Function: Input constants from keyboard 
(mantissa or exponent after EEX). 




Display: Number entry displayed. 




Stack: Pushed at first number for decimal 
point) entry. 


EEX 

{Enter Exponent) 


Function: Begins exponent entry. 


Display After Mantissa Entry: Mantissa 
followed by exponent identifier (E), initial esign 
and evalue (00). 




Display Without Mantissa Entered: Default 
mantissa (1) and decimal point (,), followed by 
exponent identifier esign. and evalue. 




Stack (Without Mantissa Entered): Pushes 
stack* 




Warning: Numeric warning issued if in 
exponent entry mode and EEX is initiated 
again, or if decimal point is issued. 
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TABLE 9-8 (CONT) 
Number Entry Commands 



Command 


Execution 


CHS 

(Change Sign) 


Function: Changes sign of X register value, or 
of exponent during exponent entry. 


Restriction: X register must contain a constant. 



NUMERIC ENTRY 

Number entry begins with a digit, decimal point, or EEX command following any 
nonnumeric command. 

Constants may enter the stack in two distinct ways: 

1 . By a sequence of numeric commands from the keyboard or GPIB. 

2. As a result of a command execution. 

Number Entry Display 

Numbers entered are displayed in a number entry f'eld as described in Table 9-9. 



TABLE 9-9 
Number Entry Field 


Horizontal Character 
Position (Display Line 16) 


Function 


12 


Mantissa Sign: Minus sign displayed if 
negative (blank if positive), and is entered with 
CHS command. 


13-25 


Mantissa: 12 digits (or 11 digits and 1 decimal 
point). Entry is started with any digit or 
decimal point, and is terminated by EEX or any 
nonnumeric command except CHS, RUN, STEP, 
STOPp or PAUSE. The first character (decimal 
point, entered digit or a default 1) is displayed 
in horizontal position 13. Entered digits are 
displayed to the right of existing digits, up to 
position 25, The terminating command rounds 
the displayed mantissa to four significant 
digits. 



@ 
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TABLE 9-9 (CONT) 
Number Entry Field 


Horizontal Character 
Positron (Display Line 16| 


Function 



NOTE 

An f command during number entry b tanks character positions 22 
through 26 incfusive, and the mnemonic F is disp/ayed: howeven the 
internai numeric vafue is not affected. A cl/ or any nonshift function 
wf/i return the disp/ay to normai. 



26-29 


Exponent (EEX): Exponent identifier, sign, 
and two digits are displayed (E+00} 
following the mantissa: 


26 


E (Exponent identifier.) 


27 


J or (Exponent sign is initially positive. J 


28, 29 


00 (Exponent digits; digits move to left 
as entered, but only last two entered 
are retained and displayed.) 

Exponent entry starts with EEX command 
and is terminated by any nonnumeric 
command except CHS, RUN, STEP, STOP, 
or PAUSE, If no mantissa was entered, 

3 default mantissa of 1 is assigned and 
displayed. 
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PROGRAM ENTRY/EXECUTE 

Table 9-10 Itsts the program Entry and Execute commands executed from the 
Waveform Calculator keyboard. 



TABLE 9-10 

Program Entry and Execute Commands 


Command 


Execution 


CLL 

{Clear Program Line) 


Function: In program Entry mode, deletes new 
line and returns to Edit mode with edit prompt 
at line following the new line. In Edit mode, 
deletes current line command group and leaves 
edit prompt at same line number. Program text 
following the deleted line is moved up to dose 
the gap (line numbers of all following command 
groups are reduced by one). 


Restriction: Must be in program Entry or Edit 
mode and edit prompt must not be at end-of' 
program line. 


Programmability: Command not programmable. 


CLP 

(Clear Program Memory) 


Function: Clears entire program memory. 


Confirmation: When CLP is received, an 
audible warning is given, and the program 
display shows only the statement "PRESS 
MEXT TO CONFIRM DESTRUCTION". A 
NEXT command will complete the CLP function. 
Any other command will abort the CLP 
command and will restore the previous status. 


Restriction: Must be in program Entry or Edit 
mode. 


EXECUTE 
[Execute Mode) 


Function: Selects program Execute mode when 
executed (or selects program Entry or Edit 
mode if already in Execute mode). 



Programmability: Command not programmable. 
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TABLE 9-10 (CONT) 

Program Entry and Execute Commands 



Command 


Execution 


GOTO 

(Go To Program Line} 


DIRECTLY ISSUED 

Function: Next program command becomes 
first command in program line number in X 
register; remains in idle state. 




Stack: Pops X register. 




Restriction: The X register must contain a 
constant which, when rounded to the 
nearest integer, is from 0 to 999 (inclusive). 




Warning: Issued if the X register contains a 
constant greater than the last stored 
program line number. (Edit prompt goes lo 
end-of- program line; PL and line number 
removed from display line 16.) 




STORED EXECUTION 

Function: In Step state, returns to idle 
state; next program command is first 
command of program line number in X 
register. In Run state; continues execution 
at first command of program line number in 
X register. 




Display: Current program line number (in X 
register) is in dtsplay line 16. 




Stack; Pops X register. 




Restriction: The X register must contain a 
constant which, when rounded to the 
nearest integer, is from 0 to 999 (inclusive). 




Warning: Issued if the X register contains a 
constant greater than the last stored 
program line number. (Edit prompt goes to 
end of program; PL and tine number 
removed from display.) 
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TABLE 9-10 (CONT) 

Program Entry Execute Commands 


Command 




Executron 



DIRECTLY ISSUED 

Fundtioni Next command in program 
becomes first command in program line 
number in X register; returns to idle state. 



Display: Current program line number is in 
display line 16. 



Return Register: Advances to command 
following the GSB command. 



Stack: Pops X register. 



Restriction: The X register must contain a 
constant which, when rounded to the 
nearest integer, is from 0 to 999 (inclusive). 
Not more than 10 levels of nesting is 
allowed. 



Warning: Issued if the X register contains a 
constant greater than the last stored 
program tine number. (Edit prompt goes to 
end-of-program line.) 



STORED EXECUTION 

All details same as listed above except: If 
executed in Run state, remains in Run state 
and continues execution from next 
command. 



DIRECTLY ISSUED 

Function: Compares contents of Y and X 
registers. 



Operation: If the contents of the Y and X 
registers are both constants, a simple 
comparison is made. The test is TRUE if 
the displayed contents of both registers have 
identical values. 

If the contents of the Y and X registers are 
both referenced waveforms, values at 
corresponding pairs of points are compared. 



[Fx-y 

(tf Contents Of 
X Register Is 
Equal To Contents 
Of Y Register) 



GSB 

(Go To Subroutine) 
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Program 


TABLE 9-10 (CONT) 

Entry and Execute Commands 


Command 


Execution 


IFA'-J- tcont) 


The test is TRUE if the difference is zero at 
all points (between cursors, if on). If only 
one of the registers holds a constant, it is 
treated as a waveform of constant value. 




Display: TRUE or FALSE status message, 
depending on result of comparison. 




STORED EXECUTION 

Function: Continues execution, if result of 
comparison is TRUE, at next command; 
otherwise, execution continues at first 
command of next program line. Scale factor 
units are ignored if different. 




Operation and Display: All details same as 
above. 


\fy>x 

(tf Contents Of 
Y Register Is 
Greater Than 
Contents Of 
X Register) 


DIRECTLY ISSUED 

Function: Compares contents of Y and X 
registers. 

Operation: A simple comparison is made 
between the contents of the X and Y 
registers, if both are constants. If both are 
referenced waveforms, values at 
corresponding points are compared. The test 
is TRUE if the contents of the Y register 
exceeds that of the X register at one or 
more points (between cursors, if on). If only 
one of the registers is a constant, it is 
treated as a waveform of constant value. 




Display: Mnemonic and TRUE or FALSE 
status message, depending on results of 
comparison. 




STORED EXECUTION 

Function: Continues execution, if result of 
comparison is TRUE, at next command; 
otherwise, execution continues at first 
command of next program line. 




Operation and Display: All details same as 
above. 
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TABLE 9-10 (CO NT} 

Program Entry and Execute Commands 


Command 


Execution 


LBL 

(Return Labef Line) 


Function: Returns number of program line 
containing first occurrence of label number in 
X register, to the X register. 


Stack: Pops X register; pushes result to X 

register. 


Restriction: The X register must contain a 
constant which, when rounded to the nearest 
integer, is from 0 to 99 (inclusive). The label 
specified in the X register must occur in the 
stored program. 


LNN 

(Begin Labet} 


Function: Begins storing a label in the 
program; this command must be followed by 
two digits. Label entry ends (label is stored) 
when second digit is received. 


Display: Program display shows: 
LNN (after LNN command) 
LaN (a is the first digit) 

Lab (b is the second digit) 


Restriction: The LNN command must be 
followed by two digits, or by a CLL or CLP 
command. Must be in program Entry or Edit 
mode. 


NEXT 

(Advance to Next Line) 


Function: In program Entry state, terminates 
new line being entered and returns to program 
Edit state with edit prompt at next line; in Edit 
state, repetitively advances edit prompt to next 
line. 



Automatic NEXT: If (in program Entry mode) a 
programmable command Is received whose 
mnemonic would cause the program line to 
exceed the allowed length (35 characters), an 
automatic NEXT is executed to terminate the 
tine, and the mnemonic is automatically 
inserted at the start of a new line. 



Command Language— 7854 



TABLE 9-10 (CONTI 
Program Entry and Execute Commands 



Command 


Execution 


NEXT (cont} 


Restriction: Must be in program Entry or Edit 
mode and edit prompt must not be at end-of- 
program line* 




Warning: Issued when new fine started. 




Programmability: Command not programmable. 


PAUSE 

(Pause) 


Ftmction: Stops command execution for 
approximately 0.7 seconds. This command does 
not terminate a numeric command sequence. 


PREV 

(Back To Previous Line) 


Function: If in program Entry mode, terminates 
new line being inserted and returns to Edit 
mode with edit prompt at new line; in Edit 
mode, backs edit prompt to previous line. If key 
remains activated for more than 300 
milliseconds, edit prompt backs through the 
program at approximately 8 fines per second. 




Restriction: Must be in program Entry or Edit 
mode and edit prompt must not be on [ine 
000. 




Programmabilitv: Command not programmable. 


PROG 

(Program Entry) 


Function: Selects program Entry or Edit mode 
when executed (or selects Execute mode if 
already in program Entry or Edit mode). 




Current Program Line: Identified by the edit 
prompt (>) which remains on display line 8 (left 
edge at crt center) throughout program entry or 
edit. 




Programmability: Command not programmable. 


RTN 

(Return From Subroutine) 


DIRECTLY ISSUED 

Function: Next command becomes command 
identified by return register; clears register 
and returns to idfe. 




Restriction: Return register must be set. 



@ 
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TABLE 9-10 (CONTJ 
Program Entry and Execute Commands 



Command 


Execution 


RTN (coni) 


STORED EXECUTtON 

All details same as above except: In Run 
statCr remains in Run state and continues 
execution from new next command. 


RUN 

(Run Program) 


DIRECTLY ISSUED 

Function: System goes to Run state of 
Execute mode. 




Restriction: Program must be stored and 
edit prompt must not be at end-of-program 
line. 




STORED EXECUTION 

Function: No effects; execution continues 
with next command. 



NOTE 

The RUN command does not terminate a numeric command sequence. 



START 

(Execute Program 
From Start) 


DIRECTLY ISSUED 

Function: Initiates Run state. Execution 
begins with first stored command (first 
command of line 000); clears subroutine 
return register. 




Restriction: A program must be stored in 
memory. 




STORED EXECUTION 

Function: in the Step state, stops execution 
and returns to idle; next program command 
is first stored command; clears subroutine 
return register. 




in the Run state, continues execution at the 
first stored command; remains in Run state; 
clears return register. 
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TABLE 9-10 fCONTJ 
Program Entry and Execute Commands 



Command 


Execution 


STEP 

(Single Line 
Program Execution^ 


Function: Goes to Step state and begins 
execution at next program command. 

Warning: Issued if edit prompt is at end-of- 
program line (remains in idle state}. 




ProgrammabiUty: Command not programmable: 
direct execution only. 



MOTE 

The STEP cofnrnand does not terminate a numeric command sequence. 



STOP 

(Stop) 


DIRECTLY ISSUED 

Function: No function; warning issued if 
STOP command received in idle state. If a 
real-time waveform acquisition command 
(AQR, AVG10, AVG100, AVG1000, AVG, or 
GND) is being executed, execution is 
terminated. The GPI8 commands READJC 
SEIMDX, >TEXT, TEXT, and SAVE, are 
stopped prior to the start of data transfer. 
The command buffer is cleared. 

If issued while executing a program, 
completes current command, then stops 
execution (returns to idle). The next program 
command follows the command that was in 
progress when the STOP was received. 

Display: Mnemonic of command being 
executed (if any) when STOP command was 
received, and a STOP IN status message if 
interrupted program execution. 

STORSO EXECUTION 

Function: Stops execution and goes into idle 
state. Next program command is command 
following the STOP. 




Display: The last executed command 
mnemonic (except STOP, or PAUSE) and the 
STOP IN status message. 



NOTE 

The STOP command does not terminate a numeric command sequence. 
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SHIFT FUNCTION 

Table 9-1 1 lists the shift function commands. 



TABLE 9 11 
Shift Flag Commands 



Command 


Execution 


CL/ 

(Clear Shift Flag) 


Function: Clears shift function {f command). 


/ 

(Sets Shift Flag) 


Function: Shifts operation to alternate key 
function (printed in blue on panel above 
applicable keys). 



Display: Mnemonic F when shift flag set. 



Operation: The shift flag is cleared by any 
command, except the f command itself. If the 
associated key has a shift function, that * 
function is executed. Otherwise no function is 
performed. 



The f key does not affect the status of numeric 
input if the next key activated has no shift 
function, or is CL/ 
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STACK 

Table 9-12 lists the commands that move data wtthin the stacks executed from the 
Waveform Calculator keyboard. 



TABLE 9-12 

Stack Control Commands 



Command 


Execution 


CLS 

(Clear Stack) 


Function: Clears stack; sets all registers 
to zero. 


CL3C 

(Clear X Register) 


Function: Clears X register; pops stack as follows 
(refer to Fig. 6-1): 

—Copies contents of Y register to X register; 

— Copies contents of Z register to Y register; 

— Copies contents of T register to Z register; 

— Copies contents of W register to T register; 

— Original contents of W register remain in 
W. and are duplicated in T register. 


ENTER 

(Enter) 


Function: Terminates numeric entry if in the 
numeric entry state; otherwise pushes stack as 
follows (refer to Fig. 6-1): 

— Contents of W register are lost. 

—Copies contents of T register to W register; 

— Copies contents of Z register to T register; 

—Copies contents of Y register to Z register; 

— Copies contents of X register to Y register; 

—X register contents unchanged. 


ROLL 

(Roll Stack) 


Function: Simultaneously rolls (or circulates) stack 
contents as follows (refer to Fig* 6-1): 

— Copies contents of Y register to X register; 

— Copies contents of Z register to Y register; 

— Copies contents of T register to Z register; 

— Copies contents of W register to T register; 
—Copies original contents of X register to 
vacated W register. 


x<>y 

(Interchanges X and Y) 


Function: Interchanges contents of X and 
Y registers. 
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STORED WFM DISPLAY 



Table 9' 13 lists the commands that controf the content and format of stored 
waveform displays^ 



TABLE 9 13 

Stored Waveform Display Commands 



Command 


Execution 


CLD 

(Clear Display) 


Function: Clears all waveforms displayed using 
DSW command. Operational waveform remains 
displayed, even though it also was displayed 
using DSW command. 


CLW 

(Clear Stored Waveform) 


Function: Clears stored waveform (specified 
in X register) from stored display, providing it 
was displayed using DSW command. 




Stack: Pops X register. 




Restriction: The X register must contain a 
constant which, when rounded to the nearest 
integer, is from 0 to the maximum valid 
waveform memory address (inclusive). 




Warning: issued if specified waveform was not 
displayed with DSW command. 


DOTS 

(Dot Display) 


Function: Displays stored waveform(s) as dots 
in the display location of each waveform point. 


DSW 

(Display Stored Waveform) 


Function: Displays stored waveform (WFIVl 
address in X register) on stored display (in 
addition to other waveforms already displayed). 



Displays the waveform number (given in X 
register) in addition to other waveforms already 
displayed. 



If this waveform is already displayed, it remains 
displayed. Up to 8 total waveforms can be 
displayed using the DSW command. Then, 
executing DSW will pop the stack and issue a 
warning, but the stored waveform display won't 
change. 
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TABLE 9-13 (CONT) 

Stored Waveform Display Commands 



Command 


Execution 


DSW (contl 


The operaiior>al waveform is always displayed. 
There could be 9 displayed waveforms if the 
operational waveform number has not been the 
operand for a DSW command. 

If the operational waveform number is in the X 
register when the DSW is executed, the 
waveform remains displayed. 

The numbers of all displayed waveforms are 
displayed in line 2 of the character display, 
preceded by the DSW mnemonic. LeftTo-righi 
sequence of numbers is the same as top-to- 
bottom sequence of the corresponding 
waveform 0 points. 

NOTE 

Du& to disphy hardware limitations, 
the display may show visible dicker 
if ^2^d48 total points are displayed. 


Stack: Pops contents of X register. 


Restriction: The X register must contain a 
constant which, when rounded to the nearest 
integer, is from 0 to the maximum valid 
waveform memory address number. 


Warning: Issued if eight waveforms already 
displayed with DSW. 


TIME 

(Versus Time) 


Function: Time (waveform point number times 
horizontal increment) is the horizontal axis for 
all displayed waveforms. 


VECT 

(Vector Display} 


Function: Displays stored waveform(s) as 
straight-line vectors joining the display locations 
of adjacent waveform points. 


VS 

(Waveform Versus 
Waveform) 


Function; The waveform whose address number 
is contained m the X register provides the 
horizontal axis for all displayed waveforms. 



Command Language — 7854 



TABLE 9-13 (CONT) 

Stored Waveform Display Commands 



Command 


Execution 


VS {com) 


Description Of X-Y Displays The horizontal 
position of each displayed waveform point is 
the vertical graticule position of the 
correspondingly numbered waveform point of 
the horizontal waveform, in divisions, measured 
from horizontal graticule center. 




The mnemonic VS followed by the horizontal 
waveform number is displayed on line 2. 




The displayed horizontal scale factor is the 
same as the horizontal waveform vertical scale 
factor. 




Stack: Pops X register. 




Restriction: The X register must contain a 
constant which, when rounded to the nearest 
integer, is from 0 to the maximum valid 
waveform memory address number. 
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VERTICAL POSITION 

Table 9-14 lists the commands that control the vertical position of the operational 
waveform^ 



TABLE 9-14 

Vertical Position Commands 



Command 



Execution 



NOTE 

The following keys vertically position the operational waveform. 



Each initial acioaiion moves the waveform by one vertical 
resolution increment (1 /1<d2.4 div}. Keeping the key depressed 
longer than approximately 300 ms beg ms a continuous 
movement, in steps of one display resolution increment, for as 
long as the key is held down. 



These keys are programmable. Each key actuation Is stored as 
one command, and each stored execution moves the operational 
waveform by one increment. 



VPON Function: Moves operational waveform 

(Vertical Position Down) downward. 



Restriction: Vertical zero reference (VZR) must 
be greater than -20 divisions. All points of the 
operational waveform fif not 0 WFM) must 
remain within -20 divisions of the center 
horizotnal graticule line. 



Warning: Issued if operational waveform is 
0 WFM, and any points are clipped at -20 
divisions. 



VPUP 

(Vertical Position Up) 



Function: Moves operational waveform 
upward. 



Restriction: Vertical zero reference (VZR) must 
be less than +20 divisions. All points of the 
operational waveform (if not 0 WFM) must 
remain within +20 divisions of the center 
horizontal graticule line. 



Warning: Issued if operational waveform is 
0 WFM, and any points are clipped at +20 
divisions. 
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WFM ACQUISmOIM 

Waveform acquisition is the storage of real-time waveforms into the waveform 
memory. Table 9-15 lists the commands that control the waveform acquisition. 



TABLE 9-15 

Waveform Acquisition Commands 



Command 


Execution 


AQR 

(Acquire Repetitive 
Waveforms} 


Function: Digitizes one or two displayed 
repetitive real-time waveforms, including the 
scale factors, into waveform memory. 

Acquisition stops either when at least one 
complete sweep has occurred and at least 99% 
of the points have been filled, or when 
prematurely terminated with a directly issued 
STOP command. 




Post Acquisition Processing: All unfilied 
waveform points are linearly interpolated from 
the adjacent filled points. Unfilled end points 
are set to the nearest filled point value. If no 
points were acquired, due to premature 
termination, ail waveform points are set to 
zero, default scale factors are assigned, and the 
VZR is set to zero. 




Display: Real-time waveforms may be displayed 
during execution of this command in SCOPE 
mode. Scale factors and/or previously stored 
information are displayed in STORED mode. 




Stack: Pushes waveform memory address 
0 WFM to the X register; also, 1 WFM to the 
Y register, for two waveforms. 




Direct Stop: A STOP command from the 
keyboard terminates AQR execution. 




Restriction: No more than two real-time 
waveforms may be displayed, and vertical plug- 
in unit(s) must not be in chop mode. 




Warning: Issued if nonunique readout selected, 
default scale factorfs) assigned, more than 5% 
contiguous points unfilled, or command 
prematurely terminated with STOP. 
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TABLE 9 15 fCONT) 
Waveform Aoqursttion Commands 



Command 



Execution 



AQS 

(Acquire Single-Sweep 
Waveforms) 



Function: Digitizes one or two real-time 
single-shot waveforms into waveform memory- 
Slops acquisition upon receipt of a signal from 
the clock generator plug-in (7B87 Time Base 
with Pretrigger Acquire Clock), or when the 
AQS ABORT is actuated. 



Post-Acquisition Processing: The waveform 
memory contains the last acquired points/ 
waveform number of samples taken from the 
real-time waveform. The last point acquired is 
the rightmost point on the stored waveform* 

If fewer than (P/W) samples have been taken 
when digitizing is terminated, the filled points 
are right justified, and the empty points filied 
with the value of the first (leftmost) filled point 

If no points have been filled when digitizing is 
terminated, all point values are set to 0, 
default scale factor(sj assigned, and the VZR is 
set to 0. 



No Instrument commands are accepted during 
AQS execution. Keyboard input is ignored. The 
effect is as though the command buffer were 
full, except that no warning is given. 



Display: Only the real-time waveform(s) 
displayed during execution of this command in 
SCOPE mode; no scale factors or stored 
Information is displayed in STORED mode. 



Stack: Pushes waveform memory address 
0 WFM to the X register; also, l WFM to the 
Y register: for two waveforms. 



Direct Stop: Digitizing stops when the 
mainframe AOS ABORT control is actuated. 
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TABLE 9-15 (CONT) 
Waveform Acquisition Commands 



Command 


Execution 


AQS (com) 


Restriction: No more than two real-time 
waveforms may be selected. Vertical plug-in 
unit(s) must not be in chop mode. The 
B HORtZ compartment must be selected, and 
must contain a properly adjusted 7B87 Time 
Base with Pretrigger Acquire Clock. 




Warning: Issued if nonunique readout is 
selected, default scale factor(s) assigned, more 
than 5% contiguous points unfilled, or if 
command prematurely terminated. 


AVG 

(Average Waveforms) 


Function: Averages one real-time waveform the 
number of times specified in the X register, 
and stores the result at waveform memory 
address 0 WFM, (Uses 1 WFM for working 
storage during execution; 1 WFM is lero 
valued at all points upon completion*) 




Post-Acquisition Processing: Ail unfilled 
waveform points are linearly interpolated from 
the adjacent filled points. Unfilled end points 
are set to the nearest filied point value, if no 
points were acquired due to premature 
termination, ail waveform points are set to 
zero, default scale factors are assigned, and the 
VZR is set to zero. 




Algorithm: Refer to Command Algorithms at 
the end of this section. 




Display: During execution the X register 
displays the number of averages remaining to 
be done; the real-time and stored waveforms 
are retained on the display. 




Stack: Pops X register; pushes 0 WFM to the 
X register. 




Direct Stop: A STOP command from the 
keyboard terminates AVG execution. 
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TABLE 9 15 (CONT) 
Waveform Acquisition Commands 



Command 


Execution 


AVG (contj 


Restriction: No more than one real-time 
waveform can be selected for display. The X 
register must contain a constant which, when 
rounded to the nearest integer, is from 1 to 
1023 (inclusive). 




Warning: Issued if more than 5% contiguous 
points unfilled or if command prematurely 
terminated with STOP. 


AVG10. AVG 100. 
AVG 1000 {Average 
Waveform 10, 100. 


Function: Averages real-time waveform either 
10, 100, or 1000 times. 


1 000 Times) 


Algorithm: Refer to Command Algorithms at 
the end of this section. 




Display: Real-time waveforms are displayed 
during execution; scale factors and/or stored 
information may also be displayed. The X 
register display shows number of averages 
remaining. 




Stack: Before averaging, pushes 10, 100. or 
1000 to the X register. After completion, pops 
the X register; pushes 0 WFM to the X 
register. 




Direct Stop: A STOP command from the 
keyboard terminates the AVG 10, AVG 100. or 
AVG 1000 execution. 




Restriction: No more than one real-time 
waveform can be selected for display. 




Warning: Issued if more than 5% contiguous 
points are unfilled, or if command is 
prematurely terminated with a STOP command* 
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TABLE 9-15 (CONT) 
Waveform Acquisition Commands 


Cornmand 




Execution 









Function: Presets real-time ground reference(s) 
for subsequent acquisition to the mean vertical 
position of the real-time trace. With one real- 
time trace displayed, presets ground reference 
for waveforms digitized into 0 WFIVl, With two 
reai-time traces, presets ground references for 
waveforms digitized into 0 WFM and 1 WFM, 
respectively. 

Acquires 128-point real-time waveform as 
described for the AQR command. Computes the 
mean value, in divisions referenced to graticule 
vertical zero, and stores this in the ground 
reference register. The contents of waveform 
memory are not changed. If fewer than 128 
points have been acquired, ground reference is 
set to the mean of the filled point values. If 
no samples are acquired, due to a forced STOP 
before enough sweeps have occurred, the new 
ground reference{s) is set to zero. 



Stack: Pushes ground reference for waveforms 
stored into 0 WFM, to the X register; and 
ground reference for waveforms stored into 1 
WFM, to the Y register, for two waveforms. 



Direct Stop: A STOP command from the 
keyboard terminates the GND eKecution, 



Restriction: No more than two real-time 
waveforms may be selected for display. Plug-in 
unites) must not be in chop mode. 



Warning: Issued if more than 5% contiguous 
points are unfilled, or if GND command is 
prematurely terminated with a STOP command. 

Function: Copies contents of selected real-time 
readout position specified by the X register 
contents, to the X register. If the position 
selected is blank, or does not contain a valid 
number, a 0 is returned. (See Waveform 
Storage Considerations in section 5 for details 
on valid readout,} 



RDOUT 

(Return Real-Time 
Readout Value) 



GND 

(Set Ground Reference) 
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Command 



RDOUT (cont) 



TABLE 9-15 (CONT) 
Waveform Acquisition Commands 



Execution 



Stack: Pops the X register; pushes the readout 
vatue. 



Restriction: The X register must contain a 
constant which, when rounded to the nearest 
integer, is from 0 to 7 (inclusive). 



Warnirtg: issued if specified readout position is 
biank. 



WFM FUNCTIONS 

The waveform function commands compute a new waveform from the operational 
waveform, and the constant parameter(s) where applicable. Table 9-16 lists the 
waveform function commands. 



TABLE 9^16 

Waveform Function Commands 



Command 


Execution 


□ IFF 

(Differentiate) 


Function: Differentiates and stores operational 
waveform at 0 WFM, Blanks the vertical scale 
factor unit. 




Algorithm: Refer to Command Algorithms at 
the end of this section. 




Stack: Pops X register; pushes 0 WFM to the 
X register. 




Restriction: The X register must contain a valid 
waveform memory address. 
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TABLE 9^16 (CONT) 
Waveform Function Commands 


Command 


Execution 


HPLFT 

(Horizontal Position Left) 


Function: Horizontalfy rotates operational 
waveform left. 


Cursor Status: Determines operation as follows: 

CURSORS OFF — Rotates the waveform left 
by the time value in the X register. 

ONE CURSOR ON — Rotates the waveform 
left by the absolute value of the horizontal 
coordinate {HCRDJ minus the value in the X 
register. 

TWO CURSORS ON — Rotates the waveform 
left by the AHCRD time. 


Stack: Pops X register. 


Restriction: The X register must contain a 
constant which is from 0 to the maximum 
horizontal value of the operational waveform 
(inclusive). 


HPRGT 

(Horizor\tal Position Right) 


Function: Horizontally rotates operational 
waveform right. 



Cursor Status; Determines operation as follows: 

CURSORS OFF“Rotates the waveform right 
by the time value in the X register. 



ONE CURSOR ON — Rotates the waveform 
right by the absolute value of the horizontal 
coordinate (HCRD) minus the value In the X 
register. 



TWO CURSORS ON — Rotates the waveform 
right by the AHCRD time. 



Stack: Pops X register. 
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TABLE 9-16 (CONT) 
Waveform Function Commands 



Command 


Execution 


HPRGT (cont) 


Restriction: The X register must contain a 
constant which is from 0 to the maximum 
horizontal value of the operational waveform 
(inclusive). 


HXPD 

(Honzontally Expand) 


Function: Horizontally expands operational 
waveform. 




Cursor Status: Determines operation as follows: 




CURSORS OFF 

Operation: Magnifies operational waveform 
(by value in X register) from left edge of 
graticule; 0 point remains fixed. 




Stack: Pops X register; pushes 0 WFM to 
the X register. 




Restriction: The Y register must contain a valid 
waveform memory address. The X register 
must contain a constant greater than 0. 




Warning: Issued if the X register contains a 
constant which is less than one. 




ONE CURSOR ON 

Operation: Magnifies operational waveform 
(by value in X register) from right of cursor. 
Cursor remains at same location relative to 
the graticule. 




Stack: Pops X register; pops Y register; 
pushes 0 WFM to the X register. 




Restriction: The Y register must contain a 
valid waveform memory address. The X 
register must contain a constant greater 
than 0. 




Warning: Issued if the X register contains a 
constant which is less than 10/(distance 
from Cursor 1 to the right graticule edge, in 
divisions). 
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TABLE 9-16 (CONT) 
Waveform Function Commands 


Command 


Execution 


HXPD ^cont) 


TWO CURSORS ON 

Operation: Magnifies portion of waveforrn 
between cursors to fill the display screen. 
Cursors remain at same location relative to 
graticule. 

Stack: Pops X register; pushes 0 WFM to 
the X register. 

Restriction: The X register must contain a 
valid waveform memory address. 

Warning: Issued if AHCRD equals 0, 


Algorithm: Refer to Command Algorithms at 
the end of this section. 


Horiiontal Scale Factor: This result is stored 
at 0 WFM. In all cases, horizontal scale factor 
is divided by the expansion ratio to keep 
relative horizontal waveforrn values unchanged. 


Vertical Scale Factor: Autoscaling is disabled. 
Original scale factor and vertical zero are 
maintained. 


ITRP 

{Interpolate) 


Function: Replaces portion of operational 
waveform, between two specified points, with a 
straight line. The result is stored in waveform 
memory address 0 WFM. which then becomes 
the operational waveform* 


Cursor Status: Determines operation as follows: 



CURSORS OFF 

Operation: The end point horizontal locations 
are specified by the values in the X and Y 
registers, in scale factor units. 



Restrictioni The X and Y registers must 
contain a constant from 0 to the maximum 
horizontal coordinate of the operational 
waveform. 
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TABLE 9-16 (CONT) 
Waveform Function Commands 



Command 


Execution 


ITRP (cont) 


ONE CURSOR ON 

Operation: The end point horizontal locations 
are specified by the value in the X register 
and the Cursor 1 iocation. 




Restriction: The X register must contain a 
constant from 0 to the maximum horizontal 
coordinate of the operational waveform. 




TWO CURSORS ON 

Operation: The end points are the cursor 
locations. 




Stack: Pops X register: pushes 0 WFM to 
the X register. 




Restriction; The X register must contain a 
valid waveform memory address. 




Vertical Scale Factor: Auioscaling is disabled. 
The existing vertical scale factor and vertical 
zero are retained. 


INTO 

(integrate) 


Function: Integrates the operational waveform. 
The result is stored in waveform memory 
address 0 WFM, which then becomes the new 
operational waveform. Blanks the vertical scale 
factor unit. 




Algorithm: Refer to Command Algorithms at 
the end of this section. 




Stack: Pops X register; pushes 0 WFM to the 
X register. 




Restriction: The register must contain a valid 
waveform memory address. 


ORD 

(Return Ordinate Value] 


Function; Returns vertical ordinate value of 
operational waveform fin scale factor units) at 
horizontal location indicated in X register, to 
the X register. 
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TABLE 9-16 (COIVT} 
Waveform Function Commands 



Command 


Execution 


ORD (cont) 


Stack: Pops X register; pushes result to X 
register. 




Restriction: The X register must contain a 
constant from 0 to the maximum horizontal 
value of the operational waveform (inclusive). 


ORD 

I Set Ordinate Value} 


Function: Sets the operational waveform 
horizontal location indicated in the X register to 
the vertical value in the Y register. The result 
is stored in 0 WFM. which then becomes the 
operational waveform. 




Stack: Pops coritents of X and V registers: 
pushes previous contents of X register. 




Restriction: The Y register must contain a 
constant. The X register must contain a 
constant from 0 to the maxim urn horizontal 
coordinate of the operational waveform 
(inclusive). 


SMOOTH 

(Smooth) 


Function: Averages operational waveform by an 
amount determined by the number of divisions 
(between 0 and 2) entered in X register. 
Resultant waveform is stored at waveform 
memory address 0 WFM. 




Algorithm: Refer to Command Algorithms at 
the end of this section. 




Stack: Pops X register; pops Y register; pushes 
0 WFM to the X register. 




Vertical Scale Factor: Autoscaling is disabled. 
Vertical scale factor and vertical zero of the 
original waveform are maintained. 




Restriction: The Y register must contain a valid 
waveform memory address. The X register must 
contain a constant from 0 to 2 (inclusive). 
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WFM PARAMETERS 

The waveform parameter commands compute various constant parameters of the 
operational waveform. There are two parameter groups: The vertical unit 
parameters which return vertical axis values, and the pulse parameters which 
return horizontal axis values. Table 9-17 lists the waveform parameter commands. 

The following vertical waveform parameter commands are computed using 
waveform point values in scale factor units. Cursor status and position affect the 
calculation of ail the vertical parameters as follows: 

CURSORS OFF. The function spans all waveform points. 

ONE CURSOR ON. The function spans from (and includes) the cursor point to the 
right end of the waveform, 

TWO CURSORS ON. The function spans between (and includes) the cursor 
points. 



TABLE 9-17 

Wavefornt Parameter Commands 



Command 


Execution 


VERTICAL PARAWIETERS 


AREA 

(Returns Area) 


Function: Returns area under all spanned 
waveform points to the X register. 




Algorithm: Refer to Command Algorithms at 
the end of this section. 


Stack: Pushes value to X register. 


ENERGY 

(Returns Energy) 


Function: Returns the squared area under all 
spanned waveform points to the X register. 


Algorithm: Refer to Command Algorithms at 
the end of this section. 


Stack: Pushes value to X register. 


MAX 

(Returns Maximum Value) 


Function: Returns waveform maximum (most 
positive) value to the X register. 


Stack: Pushes value to X register. 
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TABLE 9^17 (COISIT) 
Waveform Parameter Commands 



Command 


Execution 


VERTICAL PARAMETERS (Cont) 


MEAN 

{Returns Mean Value) 


Function: Computes algebraic mean value of alt 
spanned points^ and returns result to the 
X register. 




Algorithm: Refer to Command Algorithms at 
the end of this section. 




Stack: Pushes value to X register. 


MID 


Function: Returns middle value [(MAX + MIN)/2] 
to the X register. 




Stack: Pushes value to X register. 


MIN 

(Returns Minimum Value) 


Functiori: Returns waveform minimum point 
{most negative) value to the X register. 




Stack: Pushes value to X register. 


P-P 

(Returns Peak-to-Peak 
Value) 


Function: Returns peak-to-peak (MAX - MIN) 
value to the X register. 


Stack: Pushes value to X register. 


RMS 

(Returns Root-Mean- 
Square Value) 


Function: Returns root-mean square value of 
all spanned points to the X register. 


Algorithm: Refer to Command Algorithms at the 
end of this section. 




Stack: Pushes value to X register. 



PULSE PARAMETERS 

NOTE 

for all pufse parameter commands except PER ancf FR EQ the feft end of 
the spanned inter\/al (as specif ied either by the start of the waveform or by 
Cursor h if on) defines the 0% vertical /eve/ {baseline}. The 1Q^% vertical 
level (pulse top) is defined by the end of the interval (specif ied by the end 
of the waveform or by Cursor 2, if on). 



@ 



9-53 



Command Language — 7854 



TABLE 9-17 (CONT) 
Waveform Parameter Commands 



Command 


Execution 


PULSE PARAMETERS (Cont) 


DEL7W 

(Returns Delays 


Function: Returns the time from Cursor 1 to 
the last 50% point before Cursor 2. to the X 
register. 


Stack; Pushes DELAY time to the X register. 


Restriction: AVCRD must not be within: 
±(6E-4}^r {vertical scale factor). 


FALL 

(Returns Fall Time) 


Function: Returns the time between the 90% 
and 1 0% points adjacent to the first 50% point to 
the right of Cursor 2 . 


Stack: Pushes FALL time to the X register. 


Restriction: Cursor 2 must be on. The operational 
waveform must cross the 90% and 10% levels 
after Cursor 2, AVCRD must not be within: 
l(6E-4)* (vertical scale factor). 


FREQ 

(Returns Frequency) 


Function: Returns a crossing frequency to the 
X register. 


Algorithm: Refer to Command Algorithms at the 
end of this section. 


Stack: Pops X register; pushes the FREQ value to 
the X register. 


Restriction: The X register must contain a 
constant. The operational waveform must cross 
the level specified in the X register twice in the 
same direction. 


PER 

(Returns Period) 


Function; Returns time in horizontal scale 
factor units between the first and second 
crossings, in the same direction^ of the operational 
vyaveform across the level in the X register. 


Algorithm: Refer to Command Algorithms at the 
end of this section. 
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TABLE 9-17 {CO NT} 
Waveform Parameter Commands 



Command 


Execution 


PULSE PARAMETERS (Cont) 


PER (cont) 


Stack: Pops X register; pushes PER value to the X 
register. 


Restriction: The X register must contain a 
constant. The operational waveform must cross 
the level in the X register at least twice in the 
same direction {between cursors, if on). 


RISE 

{Returns Rise Time) 


Function: Returns the time between 10% 
and 90% points adjacent to the last 50% point 
before (to the left of) Cursor 2. 


Stack: Pushes RISE time to the X register. 


Restriction: AVCRD must not be within: 
±{6E^4)-» (vertical scale factor). 


WIDTH 

{Returns Wrdth) 


Function: Returns time between closest 50% 
points to the left and right of Cursor 2 to the X 
register. 


Stack: Pushes WIDTH value to the X register. 


Restriction: Cursor 2 must be on. The operational 
waveform must cross the 50% level after Cursor 2 . 
AVCRD must not be within: ±(6E-4)* {vertical 
scale factor). 
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WFM SCALING 

Table 9-18 lists the commands that provide access to the operational waveform 
scale factors and zero location. 



TABLE 9-18 

Waveform Seating Commands 



Command 


Execution 


HSCL 

{Return Horizontal 
Scale Factor) 


Function: Copies operational waveform 
horizontal scaie factor to the X register. 


Stack: Pushes value to X register. 


>HSCL 

{Set Horizontal 
Scale Factor) 


Function: Copies contents of X register to the 
operational waveform horizontal scale factorn 


Restriction: The X register must contain a 
constant greater than zero. The operational 
waveform must not be displayed with the VS 
command. 


VSCL 

{Return Vertical 
Scale Factor) 


Function: Copies operational waveform vertical 
scaie factor (size of each vertical graticule 
division) to the X register. 


Stack: Pushes value to X register. 


>VSCL 
(Set Vertical 
Scale Factor) 


Function: Copies contents of the X register to 
the operational waveform vertical scale factor. 
Does not alter stored waveform values relative 
to graticule. Displayed vertical scale unit not 
changed. 


Restriction: The X register must contain a 
constant greater than zero. 


VXPD 

{Vertically Expand) 


Function: Expands the operational waveform 
veriicaNy about the screen center (by the value 
in the X register); changes the vertical scale 
factor by the reciprocal of the absolute value in 
the X register to keep the waveform values 
unchanged. Negative values in the X register 
invert the waveform about screen center. 


Stack: Pops X register. 
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TABLE 9-18 (CONT) 
Waveform Scaling Commands 



Command 


Execution 


VXPD (com) 


Restrictions The X register must contain a 
constant. The resulting vertical zero reference of 
the operational waveform must be within +20 to 
'20 divisions* If the operational waveform is not 
from 0 WFM all resulting waveform oints must 
be within 20 divisions from the VZR or from all 
other waveform points. 




Warning: Issued if operational waveform is 
from 0 WFM and at least one point is clipped 
at ±10 divisions from the center horizontal 
graticule line. 


VZR 

(Return Vertical 
Zero Reference) 


Function: Copies operational waveform vertical 
zero reference [in graticule divisions relative to 
center screen) to the X register. 




Stack: Pushes X register. 


>VZB 

(Set Vertical 
Zero Reference) 


Function: Moves operational waveform 
verticallVr so that its vertical zero reference is 
the value (in divisions) in the X register. 




Restriction: The X register must contain a 
constant from -20 to +20 (inclusive). All points 
of the operational waveform (if not from 
0 WFM) must be within +20 and -20 divisions. 




Warning: Issued if the operational waveform is 
from 0 WFM, and any point is clipped at ±20 
divisions from the center horizontal graticule 
line. 
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GPIB COMMANDS 

Table 9*19 lists the commands that can be executed through the external interface 
onivr as they have no corresponding keyboard pushbuttons. Refer to Section 7, GPIB 
Information, for sample programs using these commands. 



TABLE 9-19 
GPiB Only Commands 



Command 


Execution 


CEROFF 

CERON 


Function: Enables/disables local request for 
service due to external command error. 


ERR? 


Function: Outputs error status: 
"ERR 00" if no error exists, or 
"ERR 01" if an error does exist. 


EXROFF 

EXRON 


Function: Enables/disables local request for 
service due to instrument command execution 
error. 


ID? 


Function: Outputs a copy of the 7854 
identification display to the GPIB. ("ID 
TEK/7S54,V79J.XX.YY,ZK" where XX is the 
ROM version, YY is the ROM revision, and Z is 
2. 4, or 8. indicating the number of kilobytes 
of RAM installed.) 


lOCOFF 

lOCON 


Function: Enables/disables request for service 
due to initiated Instrument I/O command- 


OPCOFF 

OPCON 


Function: Enables/disables local request for 
service due to return to idle state (except error 
stop). 


REMOFF 

REMON 


Function: Enables/disables request for service 
due to execution of the Service Request (RQS) 
command. 


RQSOFF 

(Service Request Off) 


Function: Disables all service requests, except 
power on. 


RQSON 

(Service Request On) 


Function: Selects full-service-request capability. 
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TABLE 9-19 fCONTj 
GPIB Only Commands 



Command 


Execution 


SRQ? 


Function: Outputs a copy of the bottom line of 
the calculator display. ("SRQ XXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXX" where XXXX... is the 
bottom line of the display.) 


TEXT 

(Output Displayed 
Characters) 


Function: Sends a data record to the exterrtal 
interface containing an ASCII representation of 
all 16 lines of the Execute mode character 
display. If the SCOPE display mode is selected, 
the real-time scale factors are sent. 




Restriction: The GPIB interface must be 
properly selected. 




Programmabilitv: This command is 
programmable; therefore, it cannot be used to 
output program text. 


>TEXT 

(Input Characters 
To Display) 


Function: Inputs a record {up to 12 lines, 
maximum of 40 characters each) of ASCII 
characters from the external interface, and 
displays it as lines 3 through 14 on the 
Execute mode display. 




Restriction: The GPIS interface must be 
properly selected. 




Warning: Issued if line is more than 40 
characters long, or more than 12 tines. 




Programmability: This command is 
programmable. 
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MESSAGES AND ALGORITHMS 

Command Error and Warnmg messages are defined in the tables below. Command 
Algorithms are providedn where appropriate, at the end of this section. 



ERROR AND WARNING MESSAGES 

Some commands have associated restrictions on the type and/or value of their 
operands. These conditions are checked for each command; any error terminates 
further execution, and displays an error message. 

With some commands, the state of the instrument and/or the value of their 
operands may cause the result to be other than expected. In these cases, the 
command is executed, followed by a displayed warning message. Tables 9-20 and 
9-21 list the errors and warnings, the command(s) affected, and the possible 
causes. 





TABLE 9-20 
Error Messages 


Displayed 


Command(s} 




Message 


Affected 


Possible Causes 


AQR ERROR 


AQR 


a. More than two real-time waveforms 
are selected. 

b. Plug-in unit is in chop mode. 


AQS ERROR 


AOS 


a. More than two real-time waveforms 
are selected. 

b. Vertical plug-in unit is in chop 
mode. 

c. The B HORiZ compartment is not 
selected or does not contain a properly 
adjusted 7B87 Time Base with 
Pretrigger Acquire Clock. 


AVG ERROR 


AVG 


a More than one real-time waveform 
is selected. 

b. The X register does not contain a 
constant which, when rounded to the 
nearest integer, is from 1 to 1023 
(inciusive). 
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TABLE 9-20 (CONT) 
Error Messages 



Displayed 

Message 


Command(s) 

Affected 


Possible Causes 


AVG ERROR 


AVG 10, 
AVG 100, 
AVG 1000 


a More than one reaf-time waveform 
is selected. 


No Message 


CHS 


a. The X register does not contain 
a constant. 


CiL ERROR 


CLL 


a Command issued in program 
Execute mode. 

b Edit prompt is at end-of-program. 


CLP ERROR 


CLP 


a. Command issued in program 
Execute mode. 


CLW ERROR 


CLW 


a The X register does not contain a 
constant which, when rounded to the 
nearest integer, is from 0 to the 
maximum valid waveform memory 
address number (inclusive), 


CNS ERROR 1 


CNS 


a. The X register does not contain a con- 
stant which, when rounded to the nearest 
integer, Js from 0 to 49 (0 to 99 with Option 
2D inclusive. 


>CN ERROR 


>CNS 


a. The X register does not contain a con- 
stant which, when rounded to the nearest 
integer, is from 0 to 49 (0 to 99 with Option 
2D ^), inclusive. 


CRS ERROR 


CRS1 < 
CRS1>, 
CRS2<, 
CRS2> 


a. Specified cursor is not on. 


DEL ERROR 


DELAY 


a. iC^VCRD is within: ±(6E-05)# 
(vertical scale factor). 


DIF ERROR 


DIFF 


a The X register does not contain a 
valid waveform memory address. 



1 Applies only to instruments with serial numbers below BOBS121, For instruments wWi 
serial number 8085121 and abovet features previously provided by Option 2D are standard. 
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TABLE 9-20 {CONT) 
Error Messages 



Displayed 

Message 


Command(s) 

Affected 


Possible Causes 


DSW ERROR 


DSW 


a The X register does not contain a 
coristant which, when rounded to the 
nearest integer, is from 0 to the 
maximum valid waveform memory 
address numbern 


FAL ERROR 


FALL 


a- Cursor 2 is not on. 

b The operational waveform does not 
cross the 90% and 10% levels after 
Cursor 2, 

G. AVCRD is within: +(6E-04)* 
(vertical scale factor). 


FRE ERROR 


FREQ 


a. The X register does not contain 
a constant. 

b. The operational waveform does 
not cross the levei specified in the 
X register twice in the same 
direction. 


GlSrO ERROR 


GND 


a. More than 2 real-time waveforms 
are selected, 

b. Plug-in unit is in chop mode. 


GOT ERROR 


GOTO 


a. The X register does not contain 
a constant which, when rounded to 
the nearest integer, is from 0 to 999 
(inclusive). 


GSB ERROR 


GSB 


a. The X register does not contain a 
constant which, when rounded to the 
nearest integer, is from 0 to 999 
(inclusive). 

b. More than 10 levels of nesting 
entered. 


HCR ERROR 


HCRO 


a. Cursor(s) are not on. 
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TABLE 9-20 (CONT) 
Error Messages 



DispEav^d 

Message 


Command(s) 

Affected 


Possible Causes 


HC ERROR 


>HCRD 


a Cursor(s) are not on. 

b. The operational waveform is 
displayed with VS. 

c. The X register does not contain 

a constant which is greater than 0. 


HPL ERROR 


HPLFT 


a, The X register does not contain 
a constant which is from 0 to the 
maximum horizontal value of the 
operational waveform (inclusive). 


HPR ERROR 


HPRGT 


a. The X register does not contain 
a constant which is from 0 to the 
maximum horizontal value of the 
operational waveform (inclusive). 


>HS ERROR 


>HSCL 


a. The X register does not contain a 
constant greater than 0. 

b. The operational waveform is 
displayed with VS. 


HXP ERROR 


HXPD 

(Cursors Off) 
or 


a. The Y register does not contain a 
valid waveform memory address, 




(Cursor 1 On) 


b. The X register does not contain a 
constant greater than 0. 




HXPD 

(Both Cursors 
On) 


a. The X register does not contain a 
valid waveform memory address. 


iNT ERROR 


INTO 


a. The X register does not contain a 
valid waveform memory address. 


HR ERROR 


ITRP 

(Cursors Off) 


a. The X or Y registers do not 
contain constants from 0 to the 
maximum horizontal coordinate of 
the operational waveform. 
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TABLE 9-20 {CO NT) 
Error Messages 



Displav^d 

Message 


Command(s) 

Affected 


Possible Causes 


fTR ERROR 

(cont) 


ITRP 

{Cursor 1 On) 


a. The X register does not contain 
a constant from 0 to the maximum 
horizontal coordinate of the 
operational waveform. 


ITRP 

(Both Cursors 
On) 


a. The X register does not contain a 
valid waveform memory address. 


LBL ERROR 


LBL 


a. The X register does not contain a 
constant which, when rounded to the 
nearest integer, is from 0 to 99 
(inclusive). 

b The label specified in the X register 
does not occur in the stored program. 


LNN ERROR 


LIMN 


a. Command issued in program 
Execute mode. 

b. Command not followed by two 
digit^entry commands or the CLL or 
CLP command. 


IMEX ERROR 


NEXT 


a. Command issued in program 
Execute mode. 

b. Edit prompt is at end-of-program. 


ORD ERROR 


ORD 


a. The X register does not contain 
a constant from 0 to the maximum 
horizontal value of the operational 
waveform (inclusive). 


>OR ERROR 


>ORD 


a. The Y register does not contain a 
constant. 

b. The X register does not contain 
a constant from 0 to the maximum 
horizontal coordinate of the 
operational waveform (inclusive). 
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TABLE 9-20 (CONT) 
Error Messages 



Displayed 

Message 


Command(s) 

Affected 


Possible Causes 


PER ERROR 


PER 


a. The X register does not contain a 
constant. 

b. The operational waveform does 
not cross the level in the X 
register at least twice in the same 
direction (between cursors, if on). 


PNT ERROR 


PNT 


a. The X register does not contain 
a constant which, when rounded to 
the nearest integer, is from 0 to 
[(P/W)"1], inclusive. 


>PN ERROR 


:.prsjT 


a. The Y register does not contain a 
constant. 

b. The (contents of the Y register) 
divided by the (vertical scale factor) 
is not within waveform data vertical 
range. 

c The X register does not contain 
a constant which, when rounded to 
the nearest integer, is from 0 to 
[(P/W)-1], inclusive. 


PRE ERROR 


PREV 


a. Command issued in program 
Execute mode, 

b. Edit prompt is at line 000. 


>P/ ERROR 


>P/W 


a The X register does not contain a 
constant which, when rounded to the 
nearest integer, is either 128, 256, 
512, or 1024. 


REA ERROR 


READJt^ 


a. GPIB interface not properly 
selected. 


RDO ERROR 


RDOUT 


a. The X register does no! contain a 
constant which, when rounded to the 
nearest integer, is from 0 to 7 
(inclusive). 
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TABLE 9^20 (CONT) 
Error Messages 



Displayed 

Message 


Command(sJ 

Affected 


Possible Causes 


RIS ERROR 


RISE 


a AVCRD fs within: +(6E-05) * 
(vertical scale factor). 


RTN ERROR 


RTN 


a. Return register not set. 


RUN ERROR 


RUN 


a. No stored program, 

b. Edit prompt is at end-of-program. 


SAV ERROR 


SAVE 


a. No stored program, 

b. Edit prompt is at end-of^program. 

G. GPIB interface not properly 
selected. 


SEN ERROR 


SENDA- 


a, GPIB interface not properly 
select ed. 


SMO ERROR 


SMOOTH 


a. The Y register does not contain a 
valid waveform memory address. 

b. The X register does not contain a 
constant from 0 to 2 inclusive. 


STA ERROR 


START 


a. No stored program. 


TEX ERROR 


TEXT 


a. GPIB interface not properly 
selected. 


>TE ERROR 


;>TEXT 


a GPIB interface not properly 
selected. 


VCR ERROR 


VCRD 


a. Cursor(s) are off. 


VC ERROR 


>VCRD 


a. Cursor(s) are off. 

b The operational waveform does 
not touch or cross the specified 
level within the allowed cursor 
movement range. 
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TABLE 9-20 (CONT) 
Error Messages 



Displayed 

Message 


Command(s) 

Affected 


Possible Causes 


VPD ERROR 


VPDN 


a. V2R is at +20 or -20 divisions. 


VPU ERROR 


VPUP 


b. AN points of the operational 
waveform {if not from 0 WFM) will 
not remain within ±20 divisions of 
the center horizontal graticule line. 


VS ERROR 


VS 


a. The X register does not contain a 
constant which, when rounded to the 
nearest integer, is from 0 to the 
maximum valid waveform memory 
address number* 


>VS ERROR 


VSCL 


a. The X register does not contain a 
constant greater than 0. 


VXP ERROR 


VXPD 


a. The X register does not contain a 
constant. 

b Resulting waveform VZR would 
not be within +20 to -20 divisions. 

c All waveform points will not be 
within 20 divisions from the VZR 
or from all other waveform points. 


>VZ ERROR 


>VZR 


a. The X register does not contain a 
constant from ^20 to +20 (inctusive). 

b. Ail points of the operational 
waveform (if not from 0 WFM) will 
not be within +20 and -20 
divisions. 


WFM ERROR 


WFM 


a. The X register does not contain a 
constant which, when rounded to the 
nearest integer is from 0 to the 
maximum valid waveform memory 
address number (inclusive)* 
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TABLE 9-20 (CO NT) 
Error IVles^ges 



Displayed 

Message 


Command(s} 

Affected 


Possible Causes 


>WF ERROR 


>WFM 


a. The Y register does not contain a 
valid waveform memory address. 

b. The X register does not contain a 
constant which, when rounded to the 
nearest integer, is from 0 to the 
maximum vaiid waveform memory 
address number (inciusive). 


WID ERROR 


WIDTH 


a. Cursor 2 is off. 

b. The operational waveform does 
not cross the 50% level after 
Cursor 2. 

c. AVCRD is within: ±(6E-04)* 
{vertical scaie factor). 



TABLE 9-21 
Warning Messages 



Displayed 

Message 


Command(s) 

Affected 


Possible Causes 


AQR WARNING 


AQR 


a. Nonunique readout selected. 

b. Default scale factor(s) assigned. 

c. More than 5% contiguous points 
unfilled, 

d. Command prematurely terminated 
with STOP. 


AQS WARNING 


AQS 


a. More than 5% contiguous points 
unfilled. 


AVG WARNING 


AVG, 


a More than 5% contiguous points 




AVG 10, 
AVG 100. 


unfilled. 




AVG 1000 


b. Command prematurely terminated 
with STOP. 
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TABLE 9-21 (CONT) 
Warning Messages 



Displayed 

Message 


Command(s) 

Affected 


Possible Causes 


CLW WARNING 


CLW 


a. Specified waveform was not 
displayed with DSW. 


CRS WARNING 


CRS1 > 
CRS2> 


a. Cursor at end of operational 
waveform. 




CRS1< 


a. Cursor at start of operational 
waveform. 




CRS2< 


a. Cursor 2 at Cursor 1. 


DSW WARNING 


DSW 


a Eight waveforms already displayed 
with DSW. 


No Message 


EEX 


a. EEX command issued during 
exponent entry. 


GND WARNING 


GND 


a More than 5% contiguous points 
unfilled. 






b. Command prematurely terminated 
with STOP. 


GOT WARNING 


GOTO 


a. The X register contains a constant 
greater than the last stored program 
line number. 


GSe WARNING 


GSB 


a. The X register contains a constant 
greater than the last stored program 
fine number. 


>HC WARNING 


>HCRD 


a. The value in the X register 
represents a position beyond the 
right graticule edge. 


HXP WARNING 


HXPD 

(Cursors Off) 


a. The X register contains a constant 
which is less than 1. 




HXPD 

{Cursor 1 On) 


a. The X register contains a 
constant which is less than: 
10/(distance from Cursor t to the 
right graticule edge, in divisions). 
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TABLE 9-21 (CONT) 
Warning Messages 



Displayed 

Message 


Command(s) 

Affected 


Possible Causes 


HXP WARNING 
(cont) 


HXPD 

(Both Cursors 
On} 


a AHCRD equals 0 . 


LN WARNING 


LN 


a. The constant in the X register is 
either 0 or negative. 

b At least one point of the waveform 
referenced in the X register is either 
0 or negative. 


No Message 


NEXT 


a. New program line is started. 


RDO WARNING 


RDOUT 


a. Specified readout position is blank 
or does not contain a valid readout. 


SQR WARNING 


SORT 


a. The constant in the X register is 
negative. 

b. At least one point of the waveform 
referenced in the X register is 
negative. 


STE WARNING 


STEP 


a. Edit prompt is at end-of-progrsm. 


STOP IN 


STOP 


a. STOP command issued as part of a 
stored program. 


STO WARNING 


STOP 


a. Direct STOP command issued 
during execution of a stored program. 


>TE WARNING 


>TEXT 


a. Line too long, too many characters, 
or too many lines. 


VPO WARNING 


VPDN 


a. Operational waveform is from 
0 WFM and at feast one point 
would be below -20 divisions* 


VPU WARNING 


VPUP 


a. Operational waveform is from 
0 WFM and at least one point 
would be above +20 divisions. 
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TABLE 9^21 (CONT) 
Warning Messages 



Displayed 

Message 


Commandfs) 

Affected 


Possible Causes 


VXP WARNING 


VXPD 


a. Operational waveform is from 
0 WFM and at least one point 
would be more than 10 divisions 
from the center horizontal graticule 
line* 


>VZ WARNING 


>V2R 


a. Operational waveform is from 
0 WFM and at least one point 
would be more than 20 divisions 
from the center horizontal graticule 
line* 


No Message 


0-9 


a. More than 12 (digits plus decimal 
point) issued as mantissa. 


No Message 




a More than one decimal point issued 
during mantissa entry. 

b. Decimal point issued during 
exponent entry. 


+ WARNING 


+ 


a- Both operands are waveforms with 
differing horizontal scale factors* 


- WARNING 




* WARNING 


* 


/ WARNING 


/ 


a. Both operands are waveforms with 
differing horizontal scale factors. 

b. The X register contains 0. 

c. At least one point of the 
operational waveform is equal to 0. 
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COMMAND ALGORITHMS 

The algorithms listed below describe the operation of the associated 7854 
commands. Algorithm terms are defined in Figure 9-5. 

















0 M POINT 






H POINT 




CURSOR 1 






N-1 


CURSOR 2 















Any point, from and including the M point, to the fast point prior to N jN-1 point)- is a J point. 
Any point except the M point is a J + 1 point. 

V (J) = the vertical coordinate of the designated point in divisions refative to VZR. 

2873 407 



Figure 9-5. Algorithm terms defined. 



AREA 

Algorithm — If M and N are the interval end-points (M < N), then: 

AREA = Z {[Y(J+1) + Y(J)]/2) * (horizontal increment) 

J-M 

For one point (N=M), AREA ^ 0. 

Where: horizontal increment^ horizontal time increment between two adjacent points. 

This is equivalent to estimating the area by linear interpolation between points 
(Trapezoidal rule). 
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AVG 

Acquires the real-time waveform, then repeatedly reacquires it, accumulating new 
data, point- by-point, into corresponding points of the averaged waveform. At each 
point, the process is characterized by the stable averaging formulas given below: 

Let Y0{N) = averaged stored waveform value after N cycles 
Y1(N) = new data acquired during acquisition N. 

Initially Y0[0J " 0 

After cycle N, Y0(N| ^ Y0(N'1^ [Y1(N) - YeHN-1)]/N 

Continue until N = Value in X register. 

It can be shown that this process is equivalent to the simple additive average: 
Y0(N} = 1 [Y1(J)]/N 



Stable averaging is used because, in the averaged data, the stable component 
(repeating from cycle to cycle in the raw data) does not grow in size. After every 
cycle, the averaged data has the values it should have if the process were complete 
at that time. Thus, the user can observe the progress of the process, and has the 
option of early manual termination. 



Practicat Operation— The practical details and specifications described in 
connection with repetitive acquisition apply to every digitized point during 
averaging. 

A modified stable averaging formula is used: 



Y0(N) = Y0(N 1 ) + [Y1 (N) - Y0(N-1 }]/M 
Where M 2 exp]{lnt [Log 2 (1 ,443 * N)]] 
Int - integer value 



This increases computing speed, but the influence of all samples is not equal in the- 
final result leading to slightly less noise rejection (approximately 0.7 dB less for 
random Gaussian noise). 

An average value of N is used to compute M at any stage of the process: 



total processed points 
points per waveform 



@ 



9-73 



Command Language— 7854 



Due to the random sequence of new point acquisition more samples of some points will 
be processed than of others. The standard deviation on the actual number of samples 
at any given point is: 

S - \T^ 

This method avoids keeping count of each individual point; but it leads to a variation 
in noise rejection from point to point, which effectively adds an extra noise 
component. 



DIFF 

Ideal Algorithm — Resulting waveform " d (operational waveform)/dx. 

Practical Algorithm — The continuous operand waveform is conceptually derived 
from the discrete operational waveform by linear interpolation between the stored 
data points. Then, the differential coefficient at each data point is defined as the 
mean slope of the adjacent segments: 

for N = 1 to (M-1) 

diff(N) = ([Y(N+D - Y(N-1)]/2) / {horizontal increment) 
diff(0} = [Y(1) - Y(0)] / (horizontal increment) 
diff(M) = [Y{M) - Y(M^1)] / (horizontal increment) 

where: 

diff(N) = differential coeff at point N. 

Y(N) = operational waveform value at point N, 

M = points per waveform minus one. 

Horizontal increment = horizontal time increment between two adjacent points. 

For the general point, this is equivalent to the slope of the parabola passing thru the 
corresponding point of the operational waveform and its two adjacent points. 



ENERGY 

Algorithm— If M and N are the interval end-points (M < N), then: 

ENERGY = Z {[Y(J+1)^ + Y(J)^]/2) * (horizontal increment) 

J-M 

For one point (N=^M), ENERGY = 0, 
where: 

Horizontal increment = horizontal time increment between two adjacent points. 

This is equivalent to squaring all waveform points, then estimating the area using 
linear interpofation between points (Trapezoidal rule). 
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FREQ 

Algorithm — Computes period as described for PER command, then computes its 
reciprocal. 

HXPD 

Algorithm — For each waveform point which will become part of the expanded 
waveform, the new horizontal location is computed, and that vaiue placed at the 
nearest point location. Intervening data is generated by linear interpolation. 

In the expanded waveform, values of the unexpanded points are stored in the actual 
point location closest to the computed location. This generates a "random" 
perturbation of the expanded waveform, proportional to the slope at the moved points. 

Interpolation is used to fill intervening points. Points outside the interval bounded by 
the original data values are filled with the value of the closest original point. Actual 
data, which may have been present at other than stored points, generally would 
behave differently. 



INTG 

(operational waveform) dx 

Practical Algorithm — The continuous integrand waveform is conceptually derived 
from the operational waveform by linear interpolation between the stored points. 
Then, the area to point N of the integral waveform is calculated using the trapezoidal 
rule: 

1NT(0) = 0 

for N = 1 to (points per waveform -1): 

INT{N) = [Y(0)/2 + Y(1) + Y(2) + ... + Y{N)/2]^ (horizontal increment), 
where: 

INT(N) - value of integrated waveform point N, 

Y(N) “ value of integrand waveform point N. 

Horizontal increment - horizontal time increment between two adjacent points. 



MEAN 

Algorithm— If M and N are the interval end-points (IVl < N), then: 
MEAN = Y [Y(J + 1) + Y(J)]/2{N-|V1) 

J-M 

For one point (N=M), MEAN = Y(N} 

This is equivalent to AREA (horizontal extent)* 
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PER 



Algorithm — Computes time between first crossing of operational waveform across 
level {value in X register} to next crossing in same direction. Searching starts at the left 
end of the interval. 

Any point where the waveform touches the level {value in X register) but does not cross 
it is detected as a crossing, 

RMS 

Algorithm — If IVl and N are the interval end-points {M < N), then: 



For one point (N=M), RMS ~ absolute value of Y(N}. 

SMOOTH 

Ideal Algorithm — The waveform is convolved with a square pulse of width (equal to 
the value in the X register) in graticule divisions, centered about lime zero. 

Practical Operation— The pulse width (value in X register} indivisions is converted to 
the equivalent number of horizontal increments, which is then rounded up to the 
nearest odd number S. 

For each point of the new waveform: the corresponding pointof the old waveform, and 
the (S-1 }/2 points on either side of it, are averaged and the value stored as the new 
point. 

Near the ends of the waveform, the above method requires up to (S-l )/2 nonexistent 
points beyond the ends. The values of the corresponding end points are used for these 
nonexistent points. 

Errors — The actual width of the pulse differs from the specified width; in general, an 
error of up to +1 horizontal increment could occur. 

The method of extending the waveform ends is arbitrary, and the results within a pulse 
width of the ends must be interpreted in the light of the method. Actual data which may 
have existed beyond the ends would generally give a different result, but it is unknown 
to the calculator. 



RMS = sqrt 
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A 

ABS [Absolute Value) 

demonstration of, xxvi; 6' 16,40 
discussion of, 1-13^ 6-12,15.37,40; 9 11 
location of. Fig. D block 2 
usage of, 6-15,40,93 



AQR [Acquire Repetitive Waveform) 
demonstration of, 5-4; 6-24 

discussion of, xxii,KXKr; 1-13; 5-1, 4,5; 6-20,24; 9-41 
location of. Fig. B block 6; Fig. D block 15 
restrictions for, 5-6; 6-25; 9-41,60 

usage of, 5-4,8; 6-24,38,39,44,46,47,48,63,72,112,115,125 
warnings issued for, 5-4,5; 6-24; 9-41,68 



AOS (Acquire Single-Sweep Waveform) 
demonstration of, 6-12 

discussion of, xxll, xxxf; 1-13; 5-1,4,12,13,14,20; 9-42 
location of. Fig. B block 6; Fig, D block IS 
maximum sweep rate, 2-5 
restrictions for, 5-14, 9-43,60 
usage of, 5-12 

warnings issued for. 5-13; 9-43,68 

AREA {Return Area) 
accuracy of. 2-12 
algorithm for, 9-72 
demonstration of, 5-26 

discussion of, xx,xxviit; 1-13; 5-22,26; 9-52 
location of. Fig. B block 1 ; Fig, D block 5 
usage of, 5-26 



AVG (Average) 

algorithm for, 9-73 
demonstration of, 6-28 

discussion of, xxxi; 1-13: 5-1 0,1 1 ; 6-20,28; 9-43 

location of. Fig, D block 1 5 

restrictions for, 5-11; 6-28; 9-44,60 

usage of, 5-28,98,101 

warnings issued for, 5-11; 6-28; 9-44,68 



AVG 1 0 [Average 1 0 Times) 
algorithm for, 9-73 

discussion of. xxii; 1-13; 5-4,10,11; 6-20; 9-44 

location of. Fig. 6 block 6 

restrictions for, 5-11; 9-44.61 

usage of, 5-17,23; 6-52,53.83,98,102 

warnings issued for, 5-11; 9-44,68 
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AVGl 00 (Average 100 Times) 
algorithm for, 9*73 
demonslration of: 5-10 

discussioni oT xxii; 1*13; 5-4,10,11; 6-20; 9-44 

location of. Fig. B block 6 

restrictions for. 5*11; 9-44,61 

usage of, 5-10,27,31.34 

warnings issued for. 5-1 1; 9-44.68 



AVGl 000 [Average 1000 Times) 
algorithm for, 9-73 
demon St rat ion of. 5-11 

discussion of. xxii; 1-13; 5-4,10; 6-20; 9-44 
location of. Fig, B block 6 
restrictions for, 5-11; 9-44.61 
usage of. 5-1 1 

warnings issued for, 5-11 ; 9-44.68 



BOTH (Soth Display) 

demonstration of, 5-7,34 

discussion of, xxii.xxxi; 1-1.13; 5-3.7.14.15,16,34,35; 6 1. 7-17,18; 9-4,5,15 
location of. Fig. 6 block 7; Fig, D block 14 
usage of, 5-7,34; 6 23,28,39.52 



CEROFF {Disable Command Error SFIQ) 
discussfon of, 1-14; 7-8,21; 9-58 



CEROM (Enable Command Error SRQ) 
discussion of. 1-14; 7-8; 9-58 



CHS (Change Sign) 

demonstration of, 6-6 

discussion of. xxix; 1-14,‘ 6-3.6,11.94; 9-25 
location of. Fig. D block 8 
restrictions for. 9-25.61 

usage of. 6-6,15,40,57,58,64.77,78.79,80,86.87.88,93 



CLD {Clear Display) 

demonstration of, 6-50 

discussJon of. xxxi; 1-14; 6-19.50; 9-37 

location of. Fig. D block 12 

usage of, 6-50 



CL, /[Clear Shift Flag) 

discussion of, xxx; 1-14. 6-6; 9-26.35 
location of. Fig. D block 11 



B 
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CLL {Clear Program Line) 
demonstralion of, 6-123 

discussion oi xxvi; 1-14; 6-95,97,114,121,123; 9-27 
location of. Fig. D block 1 
restrictions for, 6-123; 9-27,61 
usage of, 6-1 23, 1 33 



CLP {Clear Program Memory) 
demonstration of, 6-105 

discussion of, xxvi; 1-14; 6-96,97,105,121; 9-27 

location of. Fig, D block 1 

restrictions for, 6-105; 9-27,61 

usage of, 6-105,125; 7-11 

warnings issued for, 6-106 



CLS (Clear Stack) 

demonstration of, 6-13 

discussion of, xxvii; 1-14; 6-12,13; 9-36 

location of. Fig. D block 4 

usage of, 6-13 



CLW (Clear Waveform) 
demonstration of, 6-50 
discussion of, xxxi: 1-14; 6-50; 9-37 
location of. Fig, D block 12 
restrictions for, 6-50; 9-37,61 
usage of, 6-50 

warnings issued for, 6-50; 9-37,69 



CL (Clear X Register) 
demonstration of, 6-6 
discussion of, xxuii; 1-14; 6-6,12; 9-36 
location of, Fig. O block 4 
usage of, 6-6,8,40.93 



CNS (Return Constant) 
demonstration of. 6-17 
discussion of, xxx; 1-14; 6-17,18; 9-19 
location of, Fig. □ block 1 0 
restrictions for, 6-17; 9-19,61 

usage of. 6-17.98,101,102,103,113,115,123.124,129,130,131 



CMS [Store Constant) 
demonstration of, 6-17 
discussion of, xxx; 1-14; 6-17; 9-20 
location of. Fig. D block 10 
restrictions for, 6-17; 9-20,61 

usage of, 6-17,98.101,102,112,113,115,116,121,123,125,129,131,133 



CRSl (Cursor 1 On) 

demonstration of, 5-13 

discussion of, xxi.xxix; 1-14; 5-18; 6-61; 9-16 
location of. Fig. B block 3; Fig, D block 9 
usage of, 5-18, 6-57,59,61,90,93,112,115,129 



A-3 



Appendix A— Command Index 



CRS1< (Cursor 1 Lefl) 

dejmorisiration of, 5-19,21 

discussion of, xxLxxix; 1*14; 5-19; 9-17 

location of. Fig. B block 3; Fig. D block 7 

restrictions for, 9-17,61 

usage of, 5*19,21; 6-71,82 

warnings issued for, 5-19; 9-17,69 



CRSl^ (Cursor 1 Right) 
demonstration of, 5-8,21 
discussion of, Kxi,xxix; 1-14, 5-19; 9-17 
location of, Fig, B block 3; Fig. D block 7 
restrictions for, 9-17,61 
usage of, 5-18,21,25,26,28,32; 6-56,90 
warnings issued for, 5-18; 9-17,69 



CRS2-1 (Both Cursors On) 

demonstration of, 5-19; 6-55 

discussion of. KXi,xxix; 1-14; 5-19; 6-55; 9-17 

location of. Fig. B block 3; Fig. D block 9 

usage of. 5-19,25,28; 6-55.58,59,61,71,81,92.113,115,130 



CRS2< (Cursor 2 Left) 

demonstration of. 5*20,21 

discussion of. xxi,xxix; 1-14; 5-19,20; 9-17 

location of. Fig. B block 3; Fig. O block 7 

restrictions for, 9-17,61 

usage of, 5-20,21 ,25; 6-56,71 ,82,92 

warnings issued for, 5-20,28; 9-17,69 



CRS2> (Cursor 2 Right) 
demonstration of. 5-20 
discussion of, xxi,xxix; 1-14; 5-19; 9-17 
location of. Fig. B block 3, Fig. O block 7 
restrictions for, 9-17,61 
usage of, 5-20,32 
warnings issued for, 5-20; 9-17,69 

D 



DELAY (Return Delay Time) 
accuracy of, 2-12 
demonstration of. 5-30 

discussion of, xx,xxviii; 1*14; 5-22,29,30; 9 54 
location of. Fig. B block 2; Fig. D block 6 
restrictions for, 5-30; 9-54,61 
usage of, 5-30; 6-113.116,129,133 



DIFF (Differentiate) 
accuracy of, 2-11 
algorithm for, 9-74 
demonsuation of, 6-84 
discussion of, xxxii; 1-14; 6-83,84; 9-46 
location of. Fig. D block 18 
restrictions for. 6-84; 9-46,61 
usage of, 6-84 
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DOTS (Dots Display] 

demonstration of, 6-46 

disoussion of, xxx; 1-14; 6-45,46; 9-37 

location of. Fig. D block 12 

usage of, 6-46 



DSW (Display Stored Wavaform) 
demonstration of, 6-48 
discussion of. xxxi; 1 -14; 6-45.48; 9-37 
location oi Fig. D block 12 
restrictions for. 6-49; 9-38,62 
usage of, 6-48.49,54 
warnings issued for, €-40; 9-38,69 



E 

EEX (Enter Exponent) 

demonstration of, 6-11 

discussion of, xxix; 1-14; 6-3,11,94; 9-24,25.26 
location of. Fig. D block 8 

usage of. 6-11,40.57,58.64,77,78.79,80,86.87,88 

warnings issued for. 9-24,69 



ENERGY (Return Energy) 
accuracy of. 2-12 
algorithm for. 9-74 
demonstration of. 5-26 
discussion of, xx.xxviii; 1-15; 5-22; 9-52 
location of. Fig. B block 1; Fig, D block 5 
usage of, 5-26 



ENTER (Enter Data) 

demonstration of, 6-7,14 

discussion of, xxvii; 1-15; 6-3,7,12,13; 9-36 

location of. Fig. D block 4 

usage of. 6-7,9.10,11,12,14,17,33,34.75,81,80,89,121,125,131 



ERR? {Transmit Error Status) 
discussion of, 7-9; 9-58 



EXECUTE (Program Execute Mode) 
demonstration of, 6-104 

discussion of, xxxiii; 1-15; 6-95.96,97,104; 9-27 
location of. Fig D block 19 

usage of. 6-104,117,124.130.132,134; 7-10.19 



EXP (Exponentiation) 
accuracy of, 2-11,13 
demonstration of. 6-15,39 
discussion of. xxvi; 1-15; 6-12,15,37,39; 9-11 
location of. Fig, D block 2 
usage of, 6-15,16,39 
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EXFtOFF (Disable Execution Error SRQi 
discussion of. 1-15; 7-8, 2tj 9-58 



EXRON (Enable Execution Error SRQ^ 
discussion of, 1-15; 7-8; 9-58 



F 

/ (Set Shift Flag} 

demonstration of, 5-7 

discussion of, xxi,xxx; 1-15; 5-7; 6-6; 9-26,35 
location of. Fig. B block 4; Fig. D block 1 1 
usage of, 5-7; preceding ad shift commands 



FALL [Return Fad Time) 
accuracy of, 2-12 
demonstration of, 5-30 

discussion of, xx,xxviii; 1-15; 5-22,29,30; 9-54 
location of. Fig. B block 2; Fig. D block 6 
restrictions for, 5-30; 9-54,62 
usage of, 5-30; 6-113,115,129,133 



FREQ (Return Freduency) 
accuracy of, 2-12 
algorithm for, 9-75 
demonstration of, 5-33 

discussion of, xx,xxviii; 1-15; 5-22,33; 9-54 
location of. Fig. B block 1 ; Fig, D block 5 
restrictions for, 5-33; 9-54,62 
usage of, 5-33 



G 



GND (Set Ground Reference) 
demonstration of. 5-8; 6-23 
discussion of. 1-15; 5-4,8, 9; 6-23,24; 9-45 
location of. Fig. B block 6; Fig. D block 15 
restrictions for, 5-9; 6-24; 9-45,62 
usage of, 5-8,9,22; 6-23.37 
warnings issued for, 6-23; 9-45,69 



GOTO (Go To Program Line} 
dernonstration of, 5-118 
discussion of. 1-15; 6-110,111,119; 9-28 
location of. Fig. D block 19 
restrictions for, 6-119; 9-28,62 
usage of, 6-103,118,120,123.129; 7-10 
warnings issued for, 6-118; 9-28,69 



GSB (Go To Subroutine) 
demonstration of. 6-125 

discussion of. xxxiil; 1 -15; 6-11 1 ,121 ,125; 9-28,29 

location of. Fig. D block 19 

restrictions for, 6-125; 9-29.62 

usage of, 6-125,131 

warnings issued for, 9-29,69 
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H 

HCRD [Return Horizontal Coordinate) 
accuracy of, 2-11 
demonsiration of, 6-62 
discussion of, xxix; 115; 6-62; 9-1 6, 1 9 
location of. Fig. D block 9 
restrictions for, 6-62; 9-19,62 
usage of, 6-62,86,90,93.11 3.1 15.129 



>HCRD (Set Horizontal Coordinate) 
demonstration of, 6-57,58 

discussion of. xxix; 1-15; 6-57,58,59; 9-16,17,18 

location of. Fig. D block 9 

restrictions for. 6-59; 9-18.63 

usage of. 6-57,58,61,113,116,130 

warnings issued for, 6-58.59; 9-18,69 



HMDA [Horizontal Mode A) 
demonstration of. 4-14 
discussion of, 1-15; 4-8 
location of. Fig. A block S 



HMDALT (Horizontal Mode ALT) 
demonstration of. 4-14 
discussion of, 1-15; 4-8 
location of. Fig. A block 6 



HMDS [Horizontal Mode B) 

demonstration of. 4-14; 6-100 
discussion of. 1-15: 4-8; 6-100 
location of. Fig. A block 6 
usage of, 6 100,1 12,1 15,125 



HMDCHOP {Horizontal Mode CHOP) 
demonstration of, 4-14 
discussion of, 1-15; 4-9 
location of, Fig. A block 6 



HPLFT [Horizontal Position Left) 
demonstration of. 6-75,76,77 

discussion of, xxxii; 1-15; 6-75,76,77.80,81,82; 9-47 
location of, Fig. D block 1 8 
restrictions for, 6-77,78,80; 9-47,63 
usage of. 6-76,77.80,81 ,82,93 



HPRGT [Horizontal Position Right) 
demonstration of. 6-78,79,80,82 
discussion of, xxxiii; 1’15, 6-78,79,80,83; 9-47 
focatton of, Ftg. O block 18 
restrictions for. 6-78; 9-48,63 
usage of, 6-76.78,79.81 
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HSCL (Return HorizontaE Scale Factor} 
accuracy oi. 2-13 
demonstration of. 6-66 
discussion of. xxxii; 1-15; 6-66; 9-56 
location of. Fig. D block 17 
usage of, 6-66,93 



>HSCL[Set Horizontal Scale Factor! 
accuracy of. 2-13 
demonstration of. 6-64 
discussion of, xxxri; 1-15; 6-64; 9-56 
location of, Fig. D block 1 7 
restrictions for, 6-65; 9-56,63 
usage of. 6-63,64,65 



HXPD {Horizontally Expand Waveform} 
algorithm for, 9-75 
demonstration of, 6-69,70^71 

discussion of. xxxiii; 1-16; 6-68,69.70,71,72; 9-48 

location of. Fig. D block 18 

restrictions for, 6-69,72; 9-48,49,63 

usage of, 6-69.70,71 ,93 

vvarnings issued for, 6-69,70; 9-48,49,69,70 



I 



ID (Identify Instrument) 

discussion of, xxi; 1-16; 7^17; 9-22 
location of. Fig. 9 block 5 



ID? [Transmit instrument Identity) 
discussion of, 7-8; 9-S8 



JIVTG (Entegrate) 
accuracy of, 2-11 
algorithm for, 9-75 
demonstration of, 6-84 
discussion of, xxxii; 1-16; 6-83,84; 9-50 
location of, Fig. D block 18 
restrictions for, 6-84, 9-50 
usage of. 6-84,93 



ITRP (Interpolate} 
accuracy of, 2-1 1 
demonstration of, 6-89,90,91,92 
discussion of, xxxii; 1-16; 6-83,89,90,91 ,92,93- 9-49 
location of. Fig. 0 block 1 8 
restrictions for, 6-89.91,92; 9-49,50,63,64 
usage of. 6-89,91,92,93 



1FX=J'^ [If X Register Equals Y Register) 
demonstration of, 6-123 

discussion of, xxxiii; 1-16; 6-111,121,124; 9-29,30 
location of. Fig. D block 1 9 
usage of, 6-123,129 
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If |/>X {If Y Register Greater Than X Register) 
demonstration of, 6-131 

disoussiori of, jcxitiii; 1-16: 6-111.121,132; 9-30 
location of. Fig. D block 1 9 
usage of, 6-98,102,103,131 



lOCOFF (Disable Input/Qmput SRQ) 
discussion of. 1-16j 7-8,21; 9-58 



lOCOM {Enable Input/Output SRQ} 
discussion of, 1-16; 7-8; 9-58 



LBL (Return Labeled Line) 
demonstration of, 6-118 

discussion of, xxxiii; 1-16; 6-110,111,118; 9-31 

location of. Fig. D block 19 

restrictions for, 6-119; 9-31 ,64 

usage of. 6-103,118,120,123,125.129,131 



LN (Natural Logarithm) 
accuracy of, 2-11 ,13 
demonstration of. 6-15,39 

discussion of. xxvi; 1-16; 6-12,15,16,37,39, 9-11,12 

location of. Fig. D block 2 

usage of, 6-16,16,39,40 

warnings issued tor. 6-15,39; 9-12,70 



LNN (Begin Label) 

demonstration of, 6-99,114 

discussion of, xxvi; 1-16; 6-99,1 1 4; 9-31 

location of. Fig. D block 1 

restrictions for, 6-114; 9-31,64 

usage of. 6-99,102,112,114,123,125,129,131 



MAX [Return Maximunn Value) 
accuracy of, 2-12 
demonstration of, 5-23 

discussion of. xx,xxvii*; 1-16; 5-22,23; 9-52 
location of. Fig. B block 1 ; Fig, D block 5 
usage of. 5-23; 6-61,112,115,129; 7-12 



MEAN (Return Mean Value) 
accuracy of. 2-12 
algorithm for. 9-75 
demonstration of. 5-25 

discussion of, xx.xxviii; 1-16; 5-22,25; 9-52 
location of. Fig. 8 block 1; Fig. D block 5 
usage of. 5-25 
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MID (Return M iddte Value) 
accuracy of. 2-12 
demonstration of, 5-24 

discussion of, xx.Ttxviii;: 1*16; 5-22,24: 9-52 
location of. Fig. 6 block 1; Fig. D block 5 
usage of. 6-24,32; 6-43,93 



MIN (Return Minimum Value) 
accuracy of. 2-12 
demonstration of, 5-24 

discussion of, xx,Kxviii; 1-16; 5-22,24; 9-52 
location of, Fig, B block 1 , Fig. D block 5 
usage of, 5-24 



NEXT (Go To Next Line) 

demonstration of. 6-105,114 

discussion of, xxvi; 1-16; 6-97,99,105,114,115,121; 7-10; 9-31 

location of. Fig. O block 1 

restrictions for, 6-115; 9-32,64 

usage of. 6-99 and throughout Programming, 

warnings issued for, 6-101,114,115; 9-32,70 



OFF (Cursors Off) 

demonstration of. 5-20 
discussion of, xxi.xxix; 1-16; 5-20; 9-16 
location of. Fig. B block 3; Fig. D block 9 
usage of. 5-20,21; 6-93,100,112,115,123,129 



OPCOFF (Disable Operation Complete SRQ) 
discussion of, 1-16: 7-8.21 ; 9-58 



□PCON (Enable Operation Complete SRQ) 
discussion of, 1 -1 6; 7-8; 9-58 



ORD (Return Ordinate Value) 
accuracy of, 2-11 
demonstraiipn of, 6-86 
discussion of. xkxM; 1-16; 6-83.86; 9-50 
location of. Fig. D block 18 
restrictions for, 9-51,64 
usage of, 5-86 



ORD (Set Ordinate Value) 
accuracy of, 2-12 
demonstration of, 6-87 
discussion of, xxxir; 1-16; 6-83,88; 9-51 
location of. Fig, D block 18 
restrictions for, 6-88; 9-51,64 
usage of, 6-86,87,93 
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P 



PAUSE (Pause) 

demonstration of. 6-133 

discussion oi xxxiv; 1-17; 5-4; 6-3,1 32,1 33,1 34; 9-25,32 
location of. Fig. D block 19 
usage of. 6-133,134 



PER (Return Period) 
accuracy of. 2-12 
algorithm for. 9-76 
demonstration of. 5-32 

discussion of. xx,xKVui; 1-17; 5-22,29,32; 9-54 
location of, Fig. B block 1; Fig, 0 block 5 
restrictions for. 5-33; 9-55,65 
usage of, 5-32 



PNT (Return Point Value) 
accuracy of, 2-1 1 
demonstration of, 6-33 
discussion of. xxx; 1-17; 6-33; 9-20 
location of, Fig. D block 10 
restrictions for, 6-33; 9-20,65 
usage of, 6-33,41 ,43 



(Set Point Value) 
accuracy of, 2-11 
demonstration of, 6-34 
discussion of. kxx; 1-17; 6-34; 9-20 
location of. Fig, D block 10 
restrictions for, €-34; 9-20,65 
usage of, 6-34,76,81 



P-P (Return Peak-to-Peak Value) 
accuracy of. 2-12 
demonstration of, 5-24 
discussion of, xx,xxviii; 1-17; 5-22,24; 9-53 
location of. Fig. B block 1; Fig, D block 5 
usage of, 5-24; 6-43,98.101,102,131 



PREV (Goto Previous Line) 
demonstration of. 6-121 
discussion of. xxvi; 1-17; 6-97,121 ; 9-32 
location of. Fig, O block 1 
restrictions for. 6-121; 9-32,65 
usage of. 6-121,133 



PROG (Program Entry Mode) 
demonstration of, 6-99 

discussion of, xxvi; 1-17; 6-96,97,104; 9-32 

location of. Fig, D block 1 

usage of, 6-99,104,114,121,124,131; 7-10,11 
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P/W (Return Points per- Waveform} 
demonstration of, 6-21 

disouBston of, xKx; 1-17; 6-18,19,20,21; 9-20 
location of, Fig. O block 10 
usage of, 6-21 ,65 



>P/W{Sei Points-per-Waveform) 
demonstration of, 6-31,32 
discussion of, xxx; 1-17; 6-18,19,20,31; 9-21 
location of. Fig. D block 10 
restrictions tor, 6-31 j 9-21 ,65 
usage of, 6-31 ,32,46,51 



R 



READX" (Input X Register Value) 

discussion of, xxvii: 1-17; 7-4,8.9.11,14^21; 9-23 
location of. Fig, D block 3 
restrictions for, 9-23,65 
usage of, 7-12.15,16 



REMOFF {Disable Effect of RQS) 

discussion of, 1-17; 7-8,21; 9-58 



REMOIM (Enable Effect of RQSj 
discussion of, 1-17; 7-8; 9-B8 



ROOUT (Return Readout Setting) 
demonstration of, 6-35 
discussion of, xxxi; 1-17; 5-4; 6-35; 9-45 
location of. Fig, D block 15 
restrictions for, 6-35; 9-46,65 
usage of, 6-35 

warnings issued for, 6-35: 9-46,70 



RISE (Return Rise Time) 
accuracy of, 2-12 
demonstration of, 5-29 

discussion of, xx,xxviii; 1-17; 5-22.29; 9-55 
location of. Fig. 6 block 2; Fig. D block 6 
restrictions for, 5-29; 9-55,66 
usage of, 5-29, 6-113,115,129,133 



RMS (Return Root-Mean-Square) 
accuracy of, 2-12 
algorithm for, 9-76 
demonstration of, 5-25 
discussion of, xx,xxviii; 1-17; 5-22,25; 9-53 
location of, Fig. B block 1; Fig. D block 5 
usage of, 5-25 
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BOLL [Roll Slack) 

demonstration of, 6*12 
discussion of. xxvii: 1-17; 6-12' 9-36 
location of. Fig. D block 4 
usage of, 6-12,13 



RQS [Assert SRQ) 

discussion, of, xxi; 1-17; 7-8,21 ; 9-23 
location of, Fig. B block 5 



RQSOFF [Disable AM SRQ s) 

dtscuBsion of, 1-17; 7-8,21 ; 9-58 



RQSON [EnablH All SRQ^s) 

discussion of. 1-17; 7-8,21 ; 9-58 



RTN {Return from Subroutine) 
demonstration of, 6-130 

discussion of, xKxiii; 1-17; 6-111,121,130; 9-32 
tocation of. Fig, D block 19 
restrictions for. 6-130; 9-32,66 
usage of. 6-130.131 



RUN (Run Program) 

demonstration of, 6-119 

discussion of, xxxtii; 1-17; 6-3,97,119,120,133; 9-25^33 
location of. Fig. D block 19 
restrictions for, 6-119; 9-33,66 
usage of, 6-1 1 9 



S 



SAVE [Save Program) 

discussion of, xxvii; 1-17; 7-4,8,9,10,21; 9-23 
location of. Fig. D block 3 
restrictions for, 9-23,66 
usage of, 7-10 



SCOPE (Scope Display) 

discussion of, xxiLxxxi; 1-1,17; 4-1 to 4-18: 7-17,18: 9-3,15 

location of. Fig. 8 block 7: Fig. D block 14 

usage of. 3-3: 4-13; 5-10; 6-24,47,100,112.115,117,125 



SENDX (Output X Register Value) 

discussion of, xxvii; 1-1B: 7-4,8,9,11,14,21; 9-23 
location of. Fig. D bfock 3 
restrictions for, 9-23.66 
usage of, 7-12,14,15 
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SGN [Return Signum) 
accuracy of. 2-1 1 
demonstration of, 6-15,40 

discussion of. xxvii; 1-18; 6-12,15,37,40: 9-12 
focatton of, Fig. D block 2 
usage of. 6-15,40 



SMOOTH (Smooth Waveform) 
accuracy of, 2-11 
afgorithm for, 9-76 
demonstration of, 6-85 
discussion of, xxxii: 1-18; 6-83,85; 9-51 
location of, Fig, D block 18 
restrictions for, 6-85: 9-51,66 
usage of, 6-85,93 



SORT (Return Square Root) 
accuracy of, 2-11,13 
demonstration of, 6-15,38 

discussion of, xxvi: 1-18; 6-12,15.37,38; 9-12 
location of. Fig. D block 2 
usage of, 6-15,38 

warnings issued for, 6-15,38; 9-12,70 



SRQ? (Transmit Line 16) 
discussion of, 7-9; 9-59 
usage of, 7-20 



START (Start Program) 

demonstration of, 6-104,117 

discussion of. xxxiu; 1-18; 6-97,104,118; 9-33 

location of. Fig D block 19 

restrictions for. 6-118; 9-33.66 

usage of. 6-104, 1 1 7,1 24,130. 1 32,1 34 



STEP (Execute Program By Lines) 
demonstration of, 6-120 

discussion of, xxxiii; 1-18: 6-3,97,120; 9-25,34 
location of. Fig, D block 9 
usage of, 6-120 

warnings issued for, 6-120; 9-34,70 



STOP (Stop) 

demonstration of. 5-10; 6-132 

discussion of. xxiLxxxiv; 1-18; B-3,4; 6-3.97,11 1 ,120,132,133 134,135, 7-4; 9-25,34 

location of. Fig. B block 6; Fig. D btock 19 

usage of, 5-10; 6-102,103,113,116,123,129,131 

warnings issued for, 9-70 



STORED (Stored Display) 
demonstration of, 5-6 

discussion of, xxH,XKxi; 1-1,18; 5-3,6,14,15,16: 6-1,104; 7-17,18; 9-4,5,15 
location of. Fig. 8 block 7; Fig, D block 14 

usage of. 4-13; 5-6,9,10,12.18,23,28; 6-1.21,25, 29,38.41,46,48,52.53 63 72 83 
104,112,115.125 
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SWH (Set TTL signal OUT Hygh) 
accuracy of. 2-7 

discLiEsion of, xxvii; 1 18r 2-7; 9-23 
location of. Fig. D block 3 



SWL (Set TJL SIGNAL OUT Low) 
accuracy of, 2-7 

discussion of, xxvH; 1-18; 2-7; 9-23 
location of, Fig. D block 3 



TEXT [Transmil Text) 

discussmn of, 1-18; 7-4,8.9.18.21: 9-S9 
restrictions for, 9-59,66 
usage of, 7-20 



>TE>CT flnpul Text) 

discussion of, 1-18; 7-4, 8, 9.1 7, 1 8,21 ; 9-59 
restrictions for, 9-69,66 
usage of, 7 19 

warnings issued for, 9-69,70 



TIME (Versus Time|i 

dernonstraiion of, 6-54 

discusston of. xxx; 1-18; 6-19,45,54; 9-38 

location of, Fig. D block 12 

usage of. 6-54,56 



VCRD (Return Vertical Coordinate) 
accuracy of. 2-1 1 
denionstration of, 6-62 
discussion of, xxix; 1-18; 6-62; 9-16,19 
location of, Fig, D block 9 
restnclions for, 6-62; 9-19,66 
usage of. 6-62 



>VCRD {Set Vertical Coordinate) 
accuracy of, 2-11 
demonstration of, 6-59,60,61 
discussion of, xxix; 1-18: 2-11; 6-59,61; 9-16,18 
location of. Fig, D block 9 
restrictions for. 6-61; 9-18,66 
usage of. 6-59,60,61.113.115,129 



VECT [Vector Display) 

demonstration of, 6-47 

discussion of. xxx; 1-1B; 6-45.47; 9-38 

location of. Fig, D block 12 

usage of, 6-47 



VMDADD (Vertical Mode ADD) 
demonstration of, 4-13 
discussion of, 1-18; 4-7 
location of. Fig. A block 4 
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VMDALT [Vert(ca1 Mode ALT) 
demonstration of, 4-13 
discussion of, 1-18; 4 '5 
location oT Fig. A block 4 



VMDCHOP (Vertical Mode CHOPJl 
demonstration of, 4-13 
discussion of, 1-18; 4-7 
location of. Fig, A block 4 



VMDL (Verttcal Mode LEFT) 

demonstration of, 4-13; 6-100 
discussion of, 1-18; 4-5; 6-100 
location of. Fig. A block 4 
usage of, 6-100.1 1 2,1 1 5 h1 25 



VMDR (Vertical Mode RIGHT) 
demonstration of. 4-13 
discussion of. 1-18; 4-6 
location of. Fig- A block 4 



VPDN [Verlicaf Position Down) 

discussion of. xxxi; 1-19; 6-72,74; 9-40 
location of. Fig. D block 13 
restrictions for, 6-74; 9-40,67 
warnings issued for, 9-40,70 



VPL3P (Vertical Position Up) 
demonstration of. 6-73 
discussion of, xxxi; 1-19; 6-72^73; 9-40 
location of. Fig. D block 13 
restrictions for, 9-40,67 
usage of. 6-73 

warnings issued for, 6-73; 9-40,70 



VS (X Versus Y Mode) 
demonstration of, 6-53 

discussion of, xxx; 1-19; 6-45,53,64,59,65; 9-7,38 
location of, Ftg. D block 12 
restrictions for, 6-54; 9-38,67 
usage of. 6-51,63 



VSCL (Return Vertical Scale Factor) 
accuracy of. 2-12 
demonstration of, 6-66 
discussion of, xxxii; 1-19; 6-66; 9-56 
location of. Fig. D block 1 7 
usage of, 6-40,66 



>VSCL (Set Vertical Scale Factor) 
accuracy of. 2-12 
demonstration of, 6-64 
discussion of, xxxii; 1-19; 6-64; 9-56 
location of. Fig. D block 17 
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Appendix A — Command Index 



VSCL (Com) 

restrictions for, 6-64; 9-56,67 
usage of, 6-40,63,64 



VXPD (Vertically Expand Waveform) 
accuracy of, 2-13 
demonstration of, 6-67 
discussion of, xxxii; 1-19; 6-67; 9-56 
location of. Fig. D block 17 
restrictions for, 6-67; 9-57,67 
usage of, 6-67 

warnings issued for, 6'67; 9-57^71 



VZR (Return Vertical Zero Reference) 
accuracy of, 2-12 
discussion of. xxxii; 1-19: 9-57 
location of, Fig, O block 17 



VZR (Set Vertical Zero Reference) 
accuracy of, 2-13 
demonstration of, 6-74,75 
discussion of, xxxit; 1-19: 6-74; 9-57 
location of. Fig. O block 17 
restrictions for, 6-74; 9-57,67 
usage of. 6-74,75 
warnings issued for, 6-74; 9-57,71 



WFM (Return Stored Waveform) 
demonstration of, 6-22 
discussion of, xxx; 1-19; 6-22; 9-21 
location of. Fig. O block TO 
restrictions for, 6-22; 9-21,67 

usage of. 6-22,25,26,29,30,38,39,40,41 ,42,43,63,91 ,93, 131 ;7-14,1 5 



WFCVl (Copy Stored Waveform) 
denrionstration of, 6-26 
discussion of, xxx; 1-19; 6-20,26; 9-21 
locsthon of. Fig. D block 10 
restrictions for. 6-26: 9-21,68 

usage of, 6- 26.27, 38, 39 , 47,48, 52 , 53, 68 , 98, 1 0 1 , 1 1 2, 1 1 5, 1 25 



WIDTH (Return Width) 
accuracy of, 2-12 
demonstration of, 5-31 

discussion of. xx,xxviM; 1-19; 5-22,29,31; 9-S5 
location of. Fig. B block 2; Fig. D block 6 
restrictions for, 5-31; 9-55.68 
usage of, 5-31; 6-113,116,129,133 
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Appendix A — Command Index 



Xoy (X Ekc hangs V) 

demonstralion of. 6-13 

discussion ot, xxvii; 1-19; 6-12,13; 9-36 

location, of. Fig. D block 4 

usage of, 6-1 3,40 



0.1. 2. 3. 4.5. 6. 7. 8. 9 (Digits) 
demonstration of. 6-5 
discussion of, xxix; 1-19; 6-3,94; 9-24 
location of. Fig. D block 8 
usage of, Throughput Section 6 
warnings issued for, 6-5; 9-71 



* (Decimal Point) 

demonstration of. 6-5 

discussion of, xxix; 1-19; 6-3; 9-24 

location of. Fig, D block 8 

usage of. 6-5 and throughout Section 6 

warnings issued for, 6-5; 9-24.71 



+ (Add) 

accuracy of, 2-11^13 

demonstration of, 6-7 

discussion of, xxvii: 1-19; 6-7,0,36; 9-13 

location of. Fig. D block 2 

usage of, 6-7, 9,10,11, 40, 44,93, 123,1 29 

warnings issued for, 9-71 



- (Subtract) 

accuracy of, 2-11.13 

demonstration of. 6-7 

discussion of. xxuii; 1-19; 6-7^8.36; 9-13 

location of. Fig, D block 2 

usage of, 6-7.10.11,43,93 

warnings issued for, 9-71 



* (Multiply) 

accuracy of. 2-11,13 

demonstration of. 6-7,41 

discussion of, xxvii; 1-19; 6-7,8,36,41; 9-13 

location of. Fig. D block 2 

usage of, 6-7,10,11,14,16,40.41,44,93,98,101,102 
warnings issued for, 9-71 



/ (Divide) 

accuracy of, 2-1 1,13 

demonstration of, 6-7,42 

discussion of. xxvii; 1-19; 6-7,8,36,42; 9-13 

location of. Fig. D block 2 

usage of, 6-7,9,10,16,40,42,43,65 

warnings issued for, 6-8,42; 9-13,71 



@ 
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l^ktranhf’ manual change information 

n,„. 1/31/87 M59032 


7854 Operators 


_ Manual Pari No 0?0‘^S73-00 




DESCRIPT[ON 


PG. 42 


Pag* vl 




FOR 3H A NO BELOW 




SECTION S<-INSTRUlyifNT OPTIONS 




OPTION 02.... ...... ..... 


8-1 


OPTION 03 ,,..... 


S-1 


OPTION ?a 


,S-1 


OPTION 00 .............. 


........................... .8-1 


OPTION 2D, 


...8-1 


OPTION A 1 


8-1 


OPTION A2..... 


....... ..................... ...8-1 


OPTION A3 . ... 


.............................. .8-1 


OPTION A4.. 


...... .........3-1 


OPTION 


8-2 


OPTION 2S. 


8-2 


INSTRUA^T OPTION IDENTIFICATK3N 


.8-2 


FOR 3N B100DOO AND ABOVE 




SECTION S-IN5TRUMEHT OPTIONS 




OPTION 02 





OPTION 03 


.....8-1 


OPTION 7S. 


e -1 


OPTION AT 


....... .................. ....,,8-1 


OPTION A2 


...8-1 


OPTION A3 




OPTION A4 . . 





OPTION 1S 


......8-2 


OPTION 2S ........................................................ 


,,b-2 


INSTRUMENT OPTION IDENTIFICATION 
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Product 7S54 Operators [>aic; 1/31/S7 Change Rtrerence 1^59032 




7S54 Operators 



. Date:^ . — 1/31 /67 ^ Change Reference MS 90 3 2 



r 



DESCRIPrrON 



Pags xxlih 

FOR SN B1 00000 AND ASOVi 

fordout far Raar Pan*l Controla^ Cannodiors t Indtcatora (Rggr« c) 



! 1 MEMORY BACK-UP F*OWER — 3.S V Lithium Batlsiy kx:ated cm rnamory board 
U 5 ^ tor applying 2*3.5 V DC lo pnovida non-votatifs mamofy. 



iaEfflBBB 

JCGCDDDC 

jononnne 

]□□□□□□□ 

]□□□□□□□ 

]□□□□□□□ 

]□□□□□□□ 

!□□□□□□□ 




FIgurt 0. Locator for 7354 raar-panal controlm, cannacLors. and 
Indtcxlora. 
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M5903Z 



Prodyct 



7354 Operators 



Dale: 



1/31/87 



Change RerercncE 



DESCRIPTION 



Pagi* 1-S 

FOR SN B099S99 AND BELOW 
MEMORY BACK-UP POWER I 

Two fwnaltt banana |ai^ (on iha raar pan«l of \tm 7854 Osollosoop* mainfrainaj aiksw 
application of about 6.2S V dc (0.7 A maxirnumj to pitividA back-up powartof lha 
volatila storaga devicK usad lor proctisaor mamory. Tba instrufnafU ia lufo protaettd 
lor application at any voltages applied to the MEMORY BACK-UP POWER INPUT up to 
±50 ^olts (do plus peak ac). Whan power islirsi applied to the MEMORY BACK-UP 
POWER INPUT the rad indicatof Bgbls to indicate that the fuse has not blown, 

CAUnON 

To prmvsM loss 0/ data ftom /nemcwjr due to a power laiVutre, apply 
memory back' up pOW 9 f. 



FOR SH B10Q0QO AND ABOVE 
MEMORY BACK-UP \ 

When in MEMORY BACK-UP POSITION this ptovidei MEMORY BACK-UP in the Sell Test 
on Turn On position. At Turn On it will reset RAM and tin its sal-teat. 



Page 1-B 

FOR SN BOMSIM AND BELOW 

OiNiRAL PURPOSE INTERFACE BUS (QP1B} 

The 7854 {except Option 00} is equipped wilh an IEEE 480-1978 Digital Interface lor 
ProgTammable Instrumentation, oormnonV reierred to as a General Purpose Narface 
Bus, or SPIB. The GPI3 allows remote conlFOi] ol all processor functions, and data 
trajisfers to and from the 7054, 

TbeGPIB connector and associated address and functen selector switches are mounted 
on the rear panai of lha 7854. Relar to the GPlB section at this manual for complete 
GPt0 inlarmaliqn. 
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Pr,vt.,., Operators 



DESCRIPTION 



FOR SN B100000 AND ABOVE 

GENEHAL purpose interface fiUS (GPIB) 

T>ie 7854 is «quipp4d wtlh an IEEE 483-1 973 Digital h(wfac9 tor ProgrammaWa 
Instrumantation, comrriDnIv fvtorted la as aGanaral Purpos* Inlarfaca Bus, or GPIB. 

Tha GPlB allows rarnota oontioi ol all procasaor tonctioriSr arto data tranators to and 
tnom tha 78S4. 

The GPIB connoctorarto associatad addraaa and tanction aatoctor switdias are mogntad 
on tot roar panal of tha 7854. Rafor to du GPIB soction of this manual tor complata 
GPIB intorrnation. 



Paga 1-7 

FOR SN B09»9«9 AND BELOW 

POWER-UP CONOmONS 

Whan tha 7354 is tumad on {wthoul mamory t»d<-gppow«f applied), tha wavatorrTi 
procaasor funs foursalf-discking tesla. Although these tasls aie not aU-indusiva, 

■hay Indicate if ma^r portions oMhe processor are properly working. The selt-tesl 
seguenoe outlined batow begins whan power is applied to the 7654. 

Step 1 1 When power is applied the totkiwing indbalofi wiN ligit; POWER, saEacied 
poeltkins c^ihe Aand B TRIGGER SOURCE twitches. andaU tatocled 
indicators on the plugHn units. For approximately three seconds after 
power-up the loilowiog indicators wll remain oH : all positions d the 
VERTICAL and HORIZONTAL MODE swHchee. all Intensity indicators, ail red 
trorrt -panel (rreasurenieot Iteyboaid) and Waveform Calculator imticatocB. 

Step 2: All positions of the VERTICAL and HORIZONTAL MODE swtchei , all Intans ity 

mdicalorSn end el red frnnt-panat and Waveform Calculator indicators will 
now light 

Step 3: A lault ocnditian found through any of the lour tests d ind icated with the 

lights d the VERTICAL end HORIZONTAL MOOE switches. Fault oondition 
codes are listed in Table 1-3, 8e sure to nott Ihs cods received so that you 
may more luiy irttonn the service person about the iioubie. 
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Change Reference 



M59032 



1/31/87 



H59032 



Product 78 54 Op s r s to r S 



Change Reference 



DESCRIPTION 



FOR SN StODQOO AND A@OVl 

POWER'UP C0ND4T10NS 

Whan thA 7i54 tumsd an (Afthout iriftrrory back-up an], iha wavaform procssscir 
runa four selt'ChBckin^ lasts. Althaugh lhaaa Iflsts ara not ail-indusiva, th«y indicate 
I rrajor portions o4 Ihs processor are piopedy working. The se^-test sequerKS 
DUtlinad below begins wtian power is applied to the 7SS4. 

Ste p 1 ■ When power is applied the foUawiriQ indcaitors wH light: POWER, selected 

pooitionia of the A artd B TR IGGER SOURCE switdies, and all selactad 
indicalors on the ptug-ln units. For appro^Klmately three seconds after 
power-up the lollowing indicators wil rarnainaH: all poshions d th* 

VERTICAL and HORIZONTAL MODE swtehes, all Intensity Indicators, all red 
frorn -panel (measurement keyboard) and Waveform Calculator indloators- 

Step 2: All positions oithe VERTICAL and HORIZONTAL MODE switches, all Intensity 

indicators, and all red front-panel and Wavetorm Calculator indicators will 
now light. 

Step 3: A fault condition found through any of the four tests is irtdicated with Ihe 

lig hts of the VERTICAL and HORIZONTAL MODE switches. Fault ooiiditon 
codes are listed in Table 1-3. 8e sure to note the code received so that 
you may more Mtf irdorm the service person about the trouble. 



Rage 1-10 

FOR SN aoffBPW AND BELOW 
CONSTANT REGISTTER 



A aiorage regiatef whidi ia 


able to hold oniy one oonstani d a lime. 




Option 


Number ^43 Reglatore 


CNS Number 


00 


0 




Standard 


50 


0-49 


2D 


100 


0-99 


FOR SN aiooddd and above 

CONSTANT REGISTER 




A ^rags ragistof whidi is 


able to hdd only one cons^t d a time. 




Option 


Number CNS Regliteri 


CNS Number 


Standard 


100 


0-99 
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Produei 



7854 Operators 



Dale: 



1/31/37 



Change Reference 



DESCRIPTION 



Pag* Z-7 

FOR SH B0399M AND RELOW 



TABLE 2-1 {COHT) 
Elactikal CharKlvrlstlca 



Qiirid«rlclic 


P*rformanc« RKpilr*manta 


EXTERNAL CONNECTORS [Com) 


EKTEFHAL KEYeOARD 


Fkfnali iw-psrwl (nnnamr lor 
wnaane wi •mn* Hnyt»we . 


GPIG lFEE-4W.i7?a 


rtmal* rMi-panl cnnmcbr lor 
ajnn#c5ngtn*mjm*fflia(aPl0. Mwls 
£EE«8fl-l9?a. (hbtvuwU^cm 
OfKOOOD^. 


m€MOH¥aACK-UP PWiER 


Tm nsw-porwl Fonala barena 
PrOnlH mnnacDom Ibr uiwnaJ 
poaar omiinaart iMwf on RAM, 
Bm0v pfWHding non.noiijl# mdfTnSiY. 


votiao* R«quir«nwit 


g.eibSJVdc. 


TTLStGHAL Ot/TPUr 


Rtw-pnl bnc oormadsT PfbVtdH 


S-WUSlAlH 


TTL-cnmpaUbla ugnat. 


^jtputLwrtl 


Sat by u«r mrmwvit awfiloM pn ev 
Wah^alaffn CatojiaiPf , 


CflnwTund 


SMch tow lM< Dulpul fbabwHfi S V 
aid -0J V), MBMimm curffti tmk li 
tamA. 


Command 


SaUea NgTi l*wl oubul fbafwwn 
4^2.4 V and Mujtamjm cuiant 


^SAWTOOrPI OUT 


e*a-pan«l bnceaviadBr. 


Potoniy 


PU(Dv»i2CHng widibueltnaiuO V 
wdHi 1 V, mU 1 MO load. 


OuE^UdICiq* 


lOVinunKim. 


RSu TWn* Imn ^ a 


S0 mVvpt-Ol-tirTii, MlaUaU by tP* 
Inia-liaia untt wwtfv awiKTi . wi!tin 
15%, 1 00 nadhr mmumum. 


Rfu Tim* lnD 9 1 fuu 


1 V^UraPgf-tiniB, t0% 

by fia vna^bUw unit tmtfdtv 
•WUcTr; 1 (ladviraxHium 


Ouiu’RtuwiOi ; 


AppruDimMy Q. 
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^854 Operators Daic: _LZ1IZ!Z Charge Rer=rcp« 



DESCRIPTION 



Pegt 2-7 

FOR SN ei OODOO AND ABOVE 

TABLE 2-1 (CONT) 
Bactrlcil Chat*ct>f Itllca 



ChifKcUr^*tic P*rfofnuno* Raqulrtmvnti 



EXTERNAL CONNECTOftS (Con*) 



E30E RHAL KEVBWIlD 


2S^ iW-p«n*l WicctH' hv 

cnnnaanQ « Mlpmd lia j Ujirti. 




24~pin fwnaJ> tw-pvnl mnnaebr loT 
armadng naunant b GPFB. MMti 
E££4SS-i«7fl. 4MM«uiriaMsn 
Opw0O). 


m siGAtALOUTpy: 

SWt^WH 


aHr'MOfl bnc QOnnaAir fnmdM 


DuVUlLlv*l 


StrayuMf QQHimanaiawuwtnnHTa 
Wu«farTriC#ouiw. 


SWLCflmm«n<J 


Stitca. loa 1*^ Duvut 4a«iw*«ri 0 V 
luburun oairwil Hih li 

lAmA. 


SWHCorTUTund 


Sabaa <■¥■< amput <lnwiMn 
+UV Vd ly^»murn cunant 

1 nr»it2AmA. 


*5A¥^r00TH0UT 




Poioity 


PiMliva umig bmirtii u £9 V, 

wffiin t V. inb t Udload. 






nla*o* 


■ 


AuTtmalne S0O 


SB iin aid trf tm 

bnv^Ult und BMiaT. wM^n 

iSV 1 SB iwiliv it)Aaru?i 


RiuTlmabivI MQ 


1 1 witiin 1 

•Mold bv O* Qrn*4w« unr (invdiv 
] fwWiMlca^vmwtiinurn. 


□uEpul RainanDi 


«sia a 
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Operators '/31/B7 change Rtfe™« 

DESCRIPTION 



FOR S« B09«9«0 AND BELOW 
On th« b«ck of divide pAg* 

Section Five 
7854 

Using the 
Measurement Keyboard 

This sfidxifi d UiB manual dafnanslratas, in tha fann d sidf-laadiing axsrasas, ths 
oparaiion of aji fmnt-panal rnaasuramad )<«yboafd oommanda, axoapt thosa givan in 
tha EXTERNAL bkid(. ThaM axaidus ara lor ihaOpt^n 0O 78S4 Oadllosoopa which 
can baoparalionally almulatad by daoonneding th* Wavafbrm Calculaior and lha GPIB 
cablsa Irom Iha osdtbscopa r«ar-panai oonna^rm, 

AUdispkya sfawn in J!h« miafdsta in tha mama^ smt^anvet tar ttm givan 
canditkin3--apacdi9d and pnawt/f ^ dkfjiayad r»^-dma wavwtorm. tha poaithn of 
stond wavtform, ah:,—tui mtghtnstbaaxac^dupttMadonyourinstrumantdiJe ta 
tfMmxmrnatansilivifyotthapmcas^. Thwwhfm, ypur madings may vaiy siightiy 
tnxn Dh09* shown in ttva axaicisa displays. 

Ih addition 10 lha axafdsas to damonstrata tha WFM ACQUISITION ^ CURSOR, and WFM 
PARAMETER commands avaUabla on lha maasuramani kaybqard. Ihii taction indudes 
information on: 

1 . Wavafonni atoraga oonsidaralions: 

2. Tha command bulfar: 

3. Error and warning indisitkms: and 

4. Tlw charaetBf display in tha STORED and ROTH modsa. 
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Product 7854 Operators 



Dale; 1 / 3 V 87 Change Reference jj .59032 



DESCRIPTION 



FOR SN B100000 AND ABOVE 
On tfiB back of dhrfdar 



Section Five 
7854 



Using the 
Measurement Keyboard 

This section ot tha manuai darranstnnas, In ihafomn of uK-lui±iin 0 tha 

□pwHtianof all frt>nl-par>el maaauiiamant kayboard corrfuanda, aircspt Thou givan in 
lha external bkidt. Thau axerdua can ba pai1o<tnsd by d^connacting tha Wavafonn 
CalculatDf and Tha GPIB cabfaa fiQn<i Iba oscillosoopa riar^panal cormacura. 

Mdi^iiays shomi in tht ojira/isua m thw mwiuai^oorrfcthrihvgivvn 
comfitionf — spxiHodmxlprwviousiydispimywtiimit-tim» wavafbnn, th^posMian dl tha 
atond mtvtfatm, dc.—tmt might net be maaty duf^caled on your instrument due to 
the extreme sensitr^ of the p^'oce'SKir. Therefore, your remdingy may very sdgh^ 
tiom those shotm ki the exercise dispiays. 

In addition to (ha axardiaa la damonairatalha WFM ACQUISITION, CUT^SOR, and WFM 
PARAMETER commands avaiabfa on tha maaiuramant kayboaid^ thn sactfon indudas 
infodTualidn an: 

1 , Wavaform atoraga considarMiana; 

2. Tbft command buffer: 

3, Enor and wanting Indicationt: and 

4. Tha chararUf display In theSTOREO and BOTH rmdaa. 



NOTE 

Memory Backup SW must be in Self- Test on Turn On posihon for these 
exercises. 



i 
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Product 



1/31/87 



H59032 



f 



7354 Operators 



. Date: 



DESCR[PT[ON 



Change Reference 



Pags 

Pint Pardgrdph 

FOR SN AND BELOW 

WAVEFORM STORAGE CONSIDERATIONS 

rneiasurornsnts can b* mad# by tfw pfxjcasstx, \hv raal'lim# wavatorm must ba 
storad in waveform mamotv. With Optbn 0D, only ano iMavoUorm can b# sEorad at a 
lima. Scala tactom (vortical dafladion factor and horizontai swoop rata } with units, 
and |fi« vtrtical za to reteronca (VZR) ar» stanad in memory with lha wavafomn points 
stncfl all ara raquirsd to lully spaafy tha wavaform valua. 



Firat Paragraph 

FOR SN B1000QO AND ABOVE 

WAVEFORM STORAGE CONSIDERATIONS 

Bafof# maasursmants can ba made by the prticaasar, the real-time waveform must be 
storad in wavefcHin mamory. Scala lactcra (vertical daflacticn factor and bonzicirTtal 
sweep rata]! with units, and the vartical zero reference ( V2R) are stored in mamory 
with the waveform poirtts since all are roquirad to fully spediy lha waveform valua. 



Pag* 

FOR SN B0afi9td AND BELOW 
POSmOMNO THE CURSORS (Cont) 

After turning on both curson, position Cursor 1 to the left edge of the graticule and 
Cursor 2 to lha canter vertical gratbule line. Then: 

Pteae Cofnments 

CR51 > Notice that as Cursor 1 passes through the cerrler vertical 

graticule line it picks up Cursor 2 and both move toward the 
right. 

CRSl ■« Move Cursof 1 at least one division to the left of Cursor Z- 

CIISZ< CR5 WARNING is issued when Cursor 2 meets Cursor 1 . 

Notica that Cursor 2 cannot pick up Cursor 1 . 

OFF Turn cursors off. 



NEXT EXERCISE BEGINS WITH POWER-UP 



Product 7854 Operators 



. D^c: 1/31 /S7 



Change Reference H59032 



DESCRIPTEON 



P»g*5-21 

FOH SN 00000 AND ABOVE 
POSrnOMNQ THE CURSORS (CoiYt) 

After luming on both cunoni, position Cuibot 1 to the J«ft «ige n( the graticule and 
Cursor 2 to lha center vertical gralcule line, Thert; 



Prtu 

CRS1» 

CRS1< 

Cfl$3< 

OFF 



Comment* 



Notice that u Cursor t passes through the oertier vertical 
greticute line rl pidui up Cunor 2 and both iruve laward the 
right. 

Move Cursor 1 at least onerSveion to the Ml of Cursor 2, 

CRS WARNIMS is issued when Cursor Z meats Cursor t. 
Notice that Cursor 2 cannot pick up Cursor 1 . 

Tum cursors oft. 



NEXT EXERCISE BEONS ^NTTH POWER-UP 
NOTE 

Memory Eadrup S W must be ^ Saf ' Test on Turn On position. 
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Produci 
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M59032 



7B54 Operators 






Change Reference 



DESCRIPTION 



FOR SM BaMOm AND iELOW 
On th« b»dc of divider p«ga 



Section Six 
7854 



Using the 
Waveform Calcuiator 

The Wavalorm Caiculator kayboand provide anansibilhy to increased processing 
capebiiities ^ stored waveform fTi anipulajtion and maaiuramerit. and for numeric 
computeiicns. And in addition to tha three display modes avajlahle with the 
mBasiiTvment keyboard, the Waveform Calculalor provides command programming 
vmich aiiowt a repetitiva command sat^ence to be performed auiomaiicalJy by the 
processor. 

Jhn s9tSon tuikh tfwr ih# tnhrmatiofi prvsenfed ii seefians f thtough 5 o/ thn 
irramraf andshoiiild be readiFt sepuancie. 

Thb sedicn dbcusuis only the increased cefubilities available with Iha Waveform 
CalcuLsior and is divided Into two subsections^ 

1. Stored Display Mode EnfofmaliDn--^ditianal information pertaining lo Ihe 
STORED display moda using the Waveform Calculalor; and 

Program m Ing — a discussion of programming using the Waveform Calcu later. 
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DESCRIPTION 



FOR 5N B1 00000 AND ABOVE 
On th« b«cA ci4 dNkttr pi^i* 



Section Six 
7854 



Using the 
Waveform Calcutator 

Th» Wavaform Calculator keyboard pruvidu acofnaibility to incraa»cl professing 
capabilities for storwl wavaform manpulalion and maasurBrnant. and for numanc 
camputationa. And in addition lo th« thrsa display modes availabta wHh the 
maasuramari kaytipaid, Eha Waveform Caicuiator providas oiininand pfogramming 
wfipdi allows a rapalitivo coirirrand saquarKB to be parformad aidorrialica% by the 
pfooessof. 

Tfiia ssctkxi hoMs i^n irrfoimatjon ptK&fntii ft 1 thmu^hSofth^ 

mstnustl and shouid be rvad in soQuanca. 

Tba sacMon discusses only the increaaad capabilitias available wtt» th« Waveform 
Caiiculatai and is divided intotvvo subwc&ons: 

1 . Stored Display Moda Informsdion — additional iniormation pertaining to the 
STORED display mod* tning the Waveform Cakajlatar and 

2i Programming — a d Iscussion of prognrnming using th* Wavalonn Caiculator. 



MOTE 

MamofyBackUipSWmtfsUramSaM-TKfon Turn On. 
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7854 Operators 
Prcxltict [ 



_ , 1/31/87 ^ . .M59D32 

, Dale: Change Reference 

DESCRJPTION 



P»g» e-IT 

FOR SN B09«99» AND BELOW 

USING THE CONSTANT REGISTERS 

In additiqn to accurmjltdion d irlorTTioctiat« results by the stack, fifty ocxistant 
rag stars ( 1 00 with Optiofi 2D) are acoesaible for Ihe storaga d oonstaiHs, Thasa 
constant reigi^ers are urtaftected by ope rations occurring within the and are 
rdaranCBd with oddness numburs 0 through 49 (0 through 99 with Option 20). 



STORING A CONSTANT 

To siaraiha number 2.5 irrocmslant register 4: press 2.5, ENTER . 4 , f 
. s^CNS . 



To store a number in a constant register: 

a. Key in the constanL 

b. Terminate numefc entry by pressing BITER . 

c. Key in the register address number (0 through 49, or 0 through 99 with 
Option 2D) where the oanstar^ is to be stored, 

d. press / >CNS . 



>CNS Operatloft: The oontenla of the V register are copied into the oonslani register 
designated by the addresa number in the X register, then the X register is popped ar>d 
the constant is displayed in the X register lield. 

>CNS Reatricllon: The oontents of the X regi:ider (constant register address) must 
be an integer between, and induding, 0 through 49 {0 through 99 with Option 2D). 



RETRIEVING A CONSTANT 

To copy data from a constant registar to the X register: firdt key in Ihe oort£tar>t 
regdter address, then press CN$ To recall the number 2.5 from register 4: press 
4, CNS . The stored constant IS rwtriflfvfld and displayed in the X register field. 

CNS Opentlar): The content of the constant regtsler (designated by th e address 
number in the X regisler) is copied into the X register. 

CNS fleetrktkin : Inid^ly the X reg ister must oontain a constant which {i^en 
rounded) is an integer between, and including, 0 through 49 {0 through 99 with Option 
2D) 
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M59032 



7854 Operators 



DESCRIPTION 



Pftg* 6-17 

FOR 5W STOOOOO AND ABOVE 

USING IHB CONSTANT REGISTERS 

In addiftion to aocumulatiofii of inl«mi«diat« rvsulU by th« ana hundrad oonaiant 
ragiksiBra ara accaaaibda lor tha sioraga cri csnitanti. Ttieu eonalant ra^iatart an 
unsffactad by op«fal»n« oocuning within th« aiac^ arid ara ratarancad with addraaa 
nufnbafa 0 thiough 99, 



STORING A CONSTANT 

To stQia tha numbar 2.5 In constant ragistar 4; press 2.S. ENTER , 4 , / 

. *cm . 



To sEore a r^umber in a oonsianE r^istar: 

a. Kay in tha constant, 

b. Tarrnirraitanurnarc entry by pressing OTfER . 

c. Kay in tha fagtster addrass numbar {0 thcough 9^) whara tha CTnslant is io 
ba slorad. 

d. Press f >CNS . 



>CNS Oparattofi: Tba contents o1 tha Y register ueoopiad into the conslam regislar 
designated by the eddrasi numbar Ni the X register, than tha X ragistar le popped and 
tha conslar^ is dispinyed in Eha X register field. 

>CNB RaabicUon; Tha oontartts of tha X regstar (oonstanl ragister address) must 
be an imegar between, and Induding, 0 thmugh 99. 



RETRIEVING A CONSTANT 

To copy data Irom a constant register to the X regoiert tint key in the constant 
registar address, than press .To racall lha rnirnbar 2.Sfrani register 4: press 
4. CN5 .The stored comtant 9 reiriand and displayed in lha X register fiatdr 

^1$ Operetibn: The oontant of the constant register (design Aad by the add ress 
number in tha X registar} iscopiadinlotha Xragbtar. 

CNS Reetrletlon r Initially the X reg tsier must contain a constant which (wdien 
rounded] is an integer between, and induding, 0 through 99- 
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Produci ^ 



Dater 



Change Rererencc 



DESCRIPTION 



Pag« Mfi 

FOR SN BQ99999 ANO BELOW 

WAVEFORM UEMORIES AND RESOLUTION 

Thfl rr«moiY spoc* avaiabi* writhb tha picxxaaor for wavafomn atonaga ia a fixed 
amount^ ho«raver, iha ulileafion of this apace is salectable by the aparalcr. By salting 
the poinlsiser-wavefomi {P/W) vafua the wwvelofrn rneniofiei are allocated and Ihe 
stored wavaterm rasduton is selected. Tbe available PAN values (axoapt an iha 
Option 0D instrument which is sat at 512) ere 125. 256. 512, ar>d 1024: all stcrad 
wavefonris are the same resolulion at uiy given Hme. In addition to determining stored 
wavetonn reeolulion. the tafsctad P/W value ateo determinee the numbered waveform 
memories available at any given time. The higher the PA^ value se leded , the g reater 
the resolutiDn. but fewer wawlonns can then be stored. Table aummari£» the 
effects ol each P/W vafua on waveform resolution, waveform memories, and the 
stored waveforms , 

Changing Ih# PfW value initlatBa a major rHarrangement of the waveform memodes 
such that alt stored data arid status informatiori.oorilainBd in wavefomi memory is 
drastically affected. Prior to a >PiW {Set Pointa/Waveform) command, each 
waveform memory oontairrs ihe vertical coordinates of the waveform points, the 
vertical zero reference level, anti the scale lactors assedated wilh the waveform 
poinla. 



FOR SN aiOOOOO AND ABOVE 

WAVEFORM MEMORfES AND RESOLtmON 

The memory sparse available within Ihe pmeesaorfor wavelbrm storage is a liirKf 
amount: however, the utHizaliDn of this spece is selectable by Ihe operator. By setting 
the points-per-wawlorm (PjW) value Ihe waveform memories are allocated and the 
stored waveform resoluliort ta seterded. The avallabJe P/W values are 126. 256. 512, 
and 1024; sll stored wavefocme are Ihe same resdutton at any g iven time. In widitbn 
to determining stored waveform resolution, ih# selected PW value also determlras the 
number of waveform memories available at any given time. The higher the PAV value 
selected, the greater the resolution, but fewer wavoforms can then be stored. Table S' 
1 summarizes the effects of ea^ pfW value on waveform resolution, waveform 
memcnes, and the stored waveforms. 

Changing the P/W value nihalBs a rearrangement of the wavetorm memoriefl 
sudh lhat all stored data arid status information contained in wavefwm memory is 
drastiealfy affected. Prior to a »P/W {Set Points/WaveformJ command. aa:h 
waveform memory contains the vertical ODordinatasof iha waveform poinla, Iha 
vertical zero reference level, and the scale f^ors assodated wilh the waveform 
points. 
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DESCRIPTION 


Pig* 














FOB SN BOMftW AND BELDW 














TASLI 6-1 
>PfW EffKU 








70U 


PM 


Talal 


Wiwiorm 


Wavafontn 


Numbar of 


Vnlon 


ViKJt 


Wivwform 


Momory 




Point 


Polnta Per 






Mnmoflas 


Addf*»aa 




Uirntwrv 


Horirontal 

Gratlcula 

Ohrlalon 


7054 With 
Option op 


512 


2 


0-1 


0^11 


51^ 


Standard 7854 


128 


16 


0^ 


0127 


12.0 




256 


S 




02^ 


25.6 




512 


4 


0^ 


0511 


51.2 




1024 


2 ; 


0-1 


01023 


1 102.4 


With Option 2D 


T20 


40 


0-39 


0127 


1 12.S 




256 


20 


. 0-19 


02S5 


2S.6 




512 


10 


0-9 


0511 


51.2 




1^4 


5 


1 0-4 


01023 


102.4 


FOB SN B100000 AND ABOVE 














TABLE 6-1 
j^M Et1*cta 








7854 


PM 


Total 


Wawform 




Wavaform 


NumOar of 


Vtfikn 


Valu* 


Wavafqnn 


Mnmory 




Point 


! Polma Par 






Mtmorloft 


Addroufta 

1 




Numhara 


1 Horizontal 
i Gratlcula 
^ Olvlalon 


Standard 7354 


i 1^ 


40 


0-39 


0127 


12.8 




256 


20 


0^19 


0-2S5 


25.6 




512 


10 


j &9 


0511 


1 51.2 




: 10^4 


6 


' 0-4 I 


01023 


I 102.4 
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DESCRIPTION 



Pigt 

First Psrsgriph 

FOR SM B099999 AND BELOW 

Program marrory wi ll hold a maximum of 920 (oommanda plua lino numbofs). 2000 
with Option 2 Dh and s maximum a( 1000 program linsi. ITthi program mamory is full 
and you atfampt to antar an additibrtal command: (1 ) Tha ERROR ifK^balors will llghti 
(2) IhH audibla warning tons wii be issued Iflha AUDIBLE ERROR/WARNING switch ts 
ON: (3) the display will blink; and {() commands other than CLL {Clear LinaJ, CLP 
(Claar Program}, or EXECUTE, win not ba acoapted. 



Flm Psrsgriph 

FOR SN B100000 AWO ABOVE 

Program memory will hold a majilmum of 2000 (Qommands plus line numbers;), and a 
maximom ol 1000 program llnaa. V the program memory n fuN and you anempl to 
errtar an additonal command: (1) Tha ERROR indicators will light; {2) Iheaudble 
warning lone will be issued if |he AUDIBLE ERRORWARNtNG switch tsON; (3} the 
desplay will bSnk; and (r} commands other than CLL [Clear line). CLP [Clear 
Program), or EXECLH^ will not be aocepted. 



FOR SN B099999 AND BELOW 
Ori the beck of divider page 



Section Sevan 
7854 



GPIB 

Information 

The 7S54 [excspt Opbon 0D) is equipped wKh an Interface which conforms to IEEE 
Standard 438-1971 Digital Interface for Programmable Insirumaniation, commonly 
referred Id as a General Purpose Interface 8ua, or GPIB. 

The GPIB allows permanent storage of 7054 programs, remote programming of the 
78S4, and data transfers io and from the 7B54. 
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Change Reference 



DESCRIPTION 



FOR SN B1DOOOC AND ABOVE 
On the bedc d 1 dhik^it peg* 



Section Seven 
7854 



GPIB 

Information 

The 78S4 is equipfMd with an intarfaca whk:ji conforma to IEEE Standard 486-1976 
Digital Inlodaca tor PrograrntnaJcHe lnslrum«nlation:„ commonly r«farr«d to as a GanaraJ 
Purpose Inrtedaca Bus, or CP10, 

Tha GPI0 allows penmanant storaga d 7854 programs, rernot* programming ol th« 

7854. aod data transfais to and fiorri iha 7854. 



Paga B-1 

FOR SN B0d9M9 AND BELOW 
OPTION 02 

OpSor g2proviclwX-Yinodept>aMccina cb ottQ<tw ra ai i ww ■iorals, A Iwisdiitsi delay llrw vid 
a3mpefitetk« nefiwyhequiilij!w>T#tigiiit daily b e t ween i^harveriicaloompertinerii arid the 
noniontei dettapctiDn lyiieni. Wnh Stii nt w ork iwaied end edivifcd. iha pluee shHt between 
Sie witcai endhofUDriiat lyiiemt » ed^ustabto iq less then d= laoneinegehera. 

OPTION 03 

With Option 0(3 insttled, the ifisaunientwii meet the EMC (eleoiioinai^ieilcoornpfliiblliiyi 
ipedficalnm gtven in secion Z- 



OPTION 78 

Pepiacsf xanderd ert phosphor with P11. 

OPTION 0D 

DHlefasihe W«w#0tTnCaieUafDririd OPlBfaaiiiesbyrHTiowng Mordt d nwnpry, and 
replBdng the rwiwial QPieoamclciraivi ADDRESS SELECTK>N switches witi a bivik pnl 
Operifton of the rakumertl wii nor charv* except that ffw hwit-pafwl ROG hay arid 1^, SRQ. arid 
HEMOn^^OflLYntiaiSDnHeiQfmevw. AJ Hcess totfwWbvetann Cakutskiroammands a 
dwwd wheri the 2K of memory is rwnovad. 

OPTION 3D 

An eddhkxid 40B6 words d tiwmory am added widt Optiori 20 to eteiarid tie piDiparTi memory , 
wewMmmerrnry, andoonsitFitregisiers. Pn^grarnmerncryti insriiasadlaamekifflunofZlD^O 
commirids.vMvetorm mernory n incjoHed lo ST20wav*iorm pointi. end the oonctenf regies 
BiQ mcTHsed to 10O. 



OPTION At 

The sbnderd power oord Is reptacedwUh the Unrversrd Empean 220-voH type power oesd 

(TeheofiiK Pvnst-Q0S6-ooi 
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1/31/37 



MS9Q32 



Product 



7354 Qperators 



Dale: 



Change Rcrcrciiicc 



DESCRIPTION 



Pig» 8>2 

(third p«ngraph)i 

FOH SN AMO GEiOW 

INSTRUMENT OPTION IDENTIBCATtON 

7S54 Oaalloscop^ with onfl or mora optloni hava a tag attached to Ihe raar-panel ol 
the mainframe to identify each Indudad option (0Z, 03, 78, 00, 2D, A1, A2, A3, or 
M), The Lag (a) will be located eg shown in Rgure 8. 1 Iratruments with Options 1 S or 
2S win not have any identitication tag gince these options are nor part of the 7Q5A 
OsdIlosoDpa. 



(third peragnph) 

FOR SN BlOOOoa AND ABOVE 
INSTRUMENT OPTION IDENT1RCAT10N 

7854 Osdlioscopes with one or more options have stag anachedto the rear-panel of 
the maintrame to identifv each ioduded option (02, 03, 78, A1, A2^ A3, or AA). The 
tag(s) will be ioceted os shown in Fig ure 6. 1 Instruments with Opdona 1 S or 2S will 
not have any ideotification tag since these options are nor part ol the 7854 
Osdiioscope, 
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7854 Operators 



1/31/87 



. Date: 



DESCRrPTLON 



Change RcfercnEc M5903^ 



P*0* 9-3 

FOR SN ^99999 AND BELOW 



TABLE a-t 

OpUofi Information Localor 





Lo^lipn In Mwiual 




Option 


Sactlon 


Hoidlng 


Intormallon 


<a& 


■ fi 

lnM\Bnent 

□pliant 


Optm 

1 


1 Gcwiii brief dtisonpuori 

oF Option 0S. 


03 


3 

eWnand 

□panfiAQ 

InkxmaiOfi 


Ughi 1 

FilEar I 

1 


Memians iTiei ti9 ert me&h 
filler Is mduded with 
Option 03. 




a 

ln«WTi«nl 

OpKnt 


Option , 

03 j 


Give* A bnaf da^oipiian 
qF Op bon 03. 


n 


a 

Inttrurnanl 

Opaortt 


Option 

7l!l 


Givm « bnel descnptiDn 
qF Option 71. 


OD 


1 

iritTKluelHn 

1 


Oonsni 

PurpoM 

Intartn 

Out ' 


MentiOfiB ibai, except ibr 
Intlruiiientt ¥n|h Op bon 

00. ThaTSStiriMB GPIB 




5 

UungTb* 

MeuurwTwnt 


1 IntroduduTi 


Oew7ibe» uw of Keyboard 
^ on 7S54 Optiofi OD. 




KaytxHiO 


Wawhjmi 

Sitcxvgfi 

GcmtiOiiriitiont 


1 Explwit (hat wilfi OpEtfn 

1 00. only one wavnForm 

can bfl Kbrectata hme. 






Setocaig 

SotfiCRT 

OitpiafyMods 


DetcnbM dieplay madas 
qI 7SS4 Option 00. 




a 

UtingTba 

Wnvafonti 

CalailAkH 


Wavafem 
Mwnoncfl a 
RMolution 


1 Mantioni dial iha Opuon 

00 inCtnimenl vviU not 
1 prooatt wavPtonnt. 




jWavafonn 

PiQOHtwigll 

! i 

1 

1 


Wawkevm 
Aaquitibon 
' AndOtiW 


Lsla parsmeEgiTs ot pulsa 
dF pulse acpuitjtnn idr 
slnndaFd and- Option OD 
inBerumnits in Table £-t 
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DESCRIPTION 



Page S'3 

FOH SN BlOOttM AND ABOVE 



TABLE 0-1 

Ofitlon Information Looitor 





Loeatien In Manual I 




Option 


Section 


He«d%f(| ! 


Information 


02 1 

i 


a 

InflrurTMOt 

Opioni 


Opitian 


Givn ■ brief dRcripinfi 
ofOplnn02. 


03 i 


3 


Ligtit 1 


UanlDfu Ihet m* on matin 




G^rmrU 

Openming 

hbrniiEm 


FMtor 


lav it included with 
Opion03. 




a 


Option 


Give* ■ briaf datcnpKRn. 




InitiuniBnit 

Qptefii 


&3 


of Option 03. 


7B 


a 


Option 


Give* a bfiet dncnpkm 




IrnaunMnt 

Qp4«h 


7B 


of Option 7a . 
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DESCRJPTION 



FOR SN BOSMsa AHU BELOW 



TABLE tt*1 (CONTI 
Option infoiTTvlIon LocattH- 





Location In Manuoi 1 




Option 


Sod km 


Haoding 


Inrormatlon 




00 

{COi^ 


7 

GPie 

lolOtmuion 


IntroducliDn 


Mm iHnt that Option OD 
cMfltm Ihs OPIB, tfut 
Wav^torm OalcuiaEor 
k^board, and 2.000 
wordaoffnwnorv. 




a 

iinmimant 

Oplbft* 


Opboo 

00 


<^v« abtlal ddscnpDAn 
ef Option OO. 


2D 


S 

iJilng TTw 

Catoutilor 

(SknO 

Diiptay 

Modvlntol 


Uwog Tha 
Ocniini: 

Regia»r« 


Eicplaini hew ^Dwscant 
rogiimsiv FQtorvnced 
(by adi±««ws 
witi0pikin20 




Storing A 
AConilanil 


Exf^oini hew toe wnstanT 
rvpiilHTmn retorefieed 
(by BcktBMH 0-99} 
wito Cpson 20- 






Petiaving 

ACcvnlvil 


Explom hew toe eorutant 
repiston an rstorwicad 
{by odOvsHS 0-991 
with Opiicin 2D. 




(Wa.v«4orm 


WAMform 
Acquiiitioo 
A Dab 
Stonga 


L»l^ pawnelsri el puJsa 
acpuwiion tor s&ndard 
and Option 2D kietrurnenss 
toTabla £-1. 




i 

1 


1 

ObHfvtngTfw 

Wavetarm 

MHnoriMAE 

Pow*f-Up 


Manaona toaitoa X 
ragiEtor rmiai cpntqin a 
r%rnih*f witom the timits 
el toe PW Mtlinp tor 
Option 2D. 




a 

Irnttumanl 

Opinrs 


Op4kn 

2D 


m bnol dautopiiqn 
of Op bon 20, 


1 


9 

Cofvnand 
1 Languapa 


SnorAnd 

Wht^ 

MauagH, 

Tit!laS^20 


Mantont tost lha X 
regtfUr dong, not 
oootain aconatant 
bohiwn isro and 99. 


i 




CNSEjrrw 

MatHpet. 

QMS ERRCn 

nLzfiN 1 


toet toe X 
register doei nol 
contain a constani 
between zero and 99 



Page 25 of 30 
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Date: MS 3032 



DESCRIPTION 



Pflgfl 6-4 

FOR SN B100006 AKl> ABOVi 
Opllofi 0D and Op4k»n 2D ira 
This pag« will b* I«f1 blanlc 



Pag* S-1B 

FOR SN B0SB999 ANO BELOW 



DATA STORAGE 



JablH 9-6 liata Iha commands and lunctkina usad for siQfing and nalrraving wavaform 
and conslanl data. 

TABLE fl-e 

Data SforaiQ* CommarKla 



Command 


Exacutlon 


OKS 

(Ratirn Conttanl) 

! 


Function: Contanla of a owutanl regular 
(datignabdby addrtu number in X regular} 
are ivAjnvd to X ra^ctar . 


$te^: P^Xreguiacpuinttoanriertnaf 
Qonilant ragubr into X ragieter. 


Realriedon: Xre(^iWrmuitcanlBin constant 
1 wtiich, wban louridad Id naarast inlager, Is 

from 0 b 4fi (0 b M Opted 2D), indusive . 
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Dale: 



Change Reference 



DESCRIPTION 



FOR StJ B1 OOOOO AND ABOVE 

DATA STORAGE 

Tabifl 9-E lists tha OQinmands and functions usad for storing and raineving wavatorm 
and constant dala. 

TABLE 9-6 

Data Storaga Commanda 



Camrrttnd Exacutlon 



CNS I Funcaton: ConiBnEs of a constant ragistar 

{Ralum Conitant) ; (diMiffmlod by adt^ass numbor in X ragistw) 

I am raaimad X mglsibf . 



I SIkM; Pop! X rsgtstar; pushes contents of 

I oorislantfegu&rlntoXregistfa'. 

I flaathetton: Xmgisbfcnust contain constant 

wfnoh. whan rotmdad toneawi miagBr. is 
from 0 to 09, inddsiwp. 



Pig« 9-20 
>CNS 

FOR SN B069999 AHD BELOW 



TABLE (COMT) 
DaU Storag* Command* 



Coenmand 


Exacutlon 


s*CN9 

(Stare Coniiantl i 

i 

1 


Function: Copiet conlents of V u 

1 oonstanl regtsbr rumbar gtvan in X if 

contente ol ¥ ivgiibr n a wa^«1drm addne^S. 
[Spies WFM numher id X lagnbr. 




Stack: PopiXngataf, 




Raattkilan: Xmoiitarmustoon^noprstant 
Dthich. whan rauridad b n»m«i inbgar, is 
fnm0 b *9 to b9S with Opwfl 2D), 
indusiw. 
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Produci ,7&54.-[}pBratOir^ 



. Dale: 1 /^1 /ft? 



Change Reference 



DESCRIPTION 



Paga tt-22 

POR SN B099999 AHD 8ELQW 

EXTERNAL FUNCTIONS 

Tabla i-7 lists tha axtarnaJ Intarfaca commands executed from both the Wavelorm 
Calculator kaytioajxl or the rreasurement keybeard. 



TABLE {h7 

External Interface Comrr»nde 



ID 

(IdmiHIV] 



a on i:rt scfoen. 



Display 

Line 


Dlsolav Formal 




TEK/71IS4^ , V7e4Z 6K* 


10 


ADDRESS: 10* TALK LISTEN? EQi^ 


1Z 


ON*: nos IOC neu exr cer opc 


13 1 


I °^= 


1 


Device Type. 


Z 1 


I bnplenienifed vereion ol CodH end Format 

j Stand^rdL 


3 


ROM version. 


4 


ROMpalE^ verskxi teripedhed ROM 
version. 


S 


tnsntineni memory capeNiry by option: 
MeiTKJfy Option 


1 2K OO 


4K (tletidetd) 


BK 2D 


s 


OPIB Kkaeu 


7 


QFie modes. 


« 


Message lentfenaKir. 


9 


GPI8 servioo requett cominand status 
llewoept wrth Option OD). 

1 
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DESCRimON 


Pag* 9-22 

FOR SN BKKKXn AND ABOVE 






EXTERNAL FUNCTIONS 


Taisia 3-7 lisis tha sKiarnaJ (fiianfaca Qommanda axactnad from both tha Wavatomi 
Calojktcar keyboard ortha maftsuremant kayboard. 




TABLE S-7 

Extamal Ikitvrfaca Oofnmanda 


OofnrrwKl 


ExBditlon 


10 

(Idafttify} 


Function: IdantHiat fotkrmng data on ert aersan. 




Display 
Un* ! 


Display FomneA 




9 


TB</7U4^ 

AHVI€MDDV 




Id j 


ADDRESS: 1# TALK USTBl^ EOI^ 




12 


ON*: RQflKXTHBI EXH CEH DPC 




13 


OFF*; 




1 


□sviosTypa. 




2 


Irnflsnwilsd wtkM3 ol Codn and Fotwiai 
Stvidm 




3 


ROM wwr>. 




4 


RDM psicb vanivi tar ipadfwd ROf4 
vwwoo. 




5 


Insljumam rrmriory capala&Cy by optnn : 






Mtfnory Opiiori 






m tibvivdl 




1 


GPia BdtSw. 




7 


OPIB mod«4 




B 


BNiisgi tanninalDf. 




9 


GPIR aflfvvt rvqwt CQOvnf^ 




A 


NV MEMORV nAcaiOt Msmoiy Back Up 
htads. 




1 

i 


SaifTstt 
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